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ADVERTISEMENT, 


HE 2 of the following 
Treatiſe is to ſhew, that Young 
Gentlemen and Ladies may acquire a 
competent knowledge of Aſtronomy, = 
without any previous knowledge of 
Geometry or Mathematics. How far 
the Author has ſucceeded in this, is 
left to the judgment and decifion of 


his impartial Readers; to whom, if 
his labours be agreeable and inſtructive, | 


the purpoſe for which he wrote will be 
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100 morrow, aller; J this is an 
early viſit.——-1 have thought, 
for theſe few days ſince I came 
LY * home, that you are anxious a- 
bout ſomething or other. Pray, 11 aſk 
what it is? TW 
Eudofia, Indeed, brother, L l 
am almoſt afraid to tell you what it is. 
B N. Then 


x 


| 
; 
| 
| 
| 


2 _ The Lou xe GENTLTINAN and 


N. Then you muſt think me much 
changed ſince I went to Camprrpes, You 
know I always loved and eſteemed you, 
on account of the goodneſs of your heart, 
which ſhone forth with the greateſt luſtre 
in the whole of your deportment.-----I am 
ftill the fame as before, excepting the im- 
provement I have made at that famous uni- 
verſity; where, not only the ſublime ſci- 
ences are taught by the greateſt maſters, 
but the truths of the Chriſtian religion 
proved in the lectures which I have con- 
ſtantly attended. Tou know that you and 


J uſed to converſe familiarly before I went 


thither : let us do ſo ſtill. ; | 
E. Dear brother, I cannot expteſs how 
much you oblige me by this behaviour. 


I was afraid before to tell you my mind; 
but now I will, eſpecially as you are to be 


here for ſome conſiderable time before you 
ſet out upon your travels, What I want ” 
to learnof you eannot be done, I believe, 
without taking up a great deal of your 


time; and perhaps you may think me too 


vain, in wanting to know what the bulk 
of mankind think our ſex have no bufineſs 
with, 


N. Pray 
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N. Pray, Evposta, what is that 
E. It is nothing leſs than to be in ſome 

meaſure acquainted with the ſublime ſci- 
ence of Aſtronomy ; for I have been told, 
that, of all others, it is the beſt for enlarg- 
ing our minds, and filling them with the 
moſt noble ideas of the GREAT CRRATOR 
and his works; and confequently of draw- 
ing us nearer to Him, with an humble 
fenſe of our own meannefs, and of every 
thing that the 1 art of man can per- 
form. 

N. Indeed, fiſter, a told you ſo, 
told you a great truth; and I am very glad 
to find you have an inchnation to learn the 
moſt ſubhme ſcience that ever was taught 
by mankind. | 

E. Bur ſhall I not be laughed at for 
attempting to learn what men ſay is fit 
only for men- to know ? | 

N. Never, by any man who thinks 
right; and I hope you are above mind» 
ing what thoſe ſay who think wrong. 

E. Now, let me ſpeak freely..-+ 1 have 
been told, aſtronomers pretend that the fun 
ſtands ſtill, and that the earth turns round. 
What do you fay to this !---t know you 
B2 - honour 
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honour the Bible, and it aſſerts the con- 
trary. Now, I ſee ſo many things in that 
Book which appear to me to be above all 


the powers of human compoſition, and 
carry ſuch evident marks of Divinity with 


them, as are ſufficient to convince me 


that they could proceed from none but 
Gop: and therefore, I had much rather 
baulk all my inclinations to learning, than 
learn any thing that would prejudice my 
mind againſt the Bible. 1 

N. Dear ſiſter, I admire the goodneſs of 
your heart. Lou may depend upon it, that 
the ſtudy of aſtronomy will never have the 
leaſt tendency towards prejudicing your 
mind againſt the Scriptures. — You know 


that we cannot take every thing there in 
- . the ſtrict literal ſenſe. If we did, we ſhould 


believe that Our Saviour was actually a 
vine at one time, a door at another, and 
at a third time a lamb. The Scriptures 
were given us, to teach us what we ſhould 
believe, and how we ſhould behave, in 
order to attain and ſecure to ourſelves the 
favour of our Maker here, and our per- 
petual felicity hereafter ; which are things 


infinitely more intereſting to us than all 
. other 
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other knowledge and wealth in the world. 
---They ſpeak according to the. common 
apprehenſions of mankind, in thoſe points 

which are merely ſpeculative, and have no 
direct tendency to influence our morals ; 
and, as they never were intended to in- 
ſtrut us in experimental philoſophy, or 
aſtronomy, or in any thing elſe that we 
could acquire by our own induſtry without 
them, nothing that regards theſe ſciences 
can rather be deduced or inferred from 
them.--- One might with as good reaſon 
take up a law-book and expect to find a 
ſyſtem of geography in it, as take up 
the Bible with a view to find a ſyſtem 
of aſtronomy therein. 

E. What you have ſaid is rational and 
juſt; and now, if you pleaſe, I ſhould 
be glad to enter upon our intended ſub- 
ject.— If the ſun does not move, pray, 
to what is he fixed? and what hinders 
him from falling down to the earth, when 
he i is ſo high above it, erf noon 

in ſuramer ? | 

N. High and he are only relative 
terms; for, when the ſun is at his loweſt 
depreſſion with reſpect to us, he is directly 

B 3 9009 
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over-head to ſome other part of the earth 
for the earth is round like a globe, and on 
whatever part of its. ſurface a perſon ftands 
upright, he thinks himſelf to be on the 
uppermoſt fide; and wonders how any 
one can ſtand directly oppoſite to him, on 
the undermoſt fide of the earth; or ra- 
ther, how the can hang to it, with his 
head downward, and not fall off to the 
lower ſky. 


E. That is what I have often wonder - 


ed at, when 1 have heard it affirmed that 


the earth is habitable on all fides; or that, 
where towns cannot be built, ſhips may 
fail. How comes it to paſs, that the weight 
of a ſhip cauſeth it not to fall off from the 
lower ſeas; or that theſe ſhips and ſeas do 


not fall off to the lower ſky altogether ? 


N. What we call weight is cauſed by at- 
traction. The earth attracts all bodies on 
or near its ſurface, towards its center, 
equally on all ſides, every particle of mat. 
ter alike; and therefore thoſe bodies which 
contain the greateſt number of particles of 
matter, acquire from this attraction the 
greateſt and moſt forcible preſſure; and 
nu} have "_ we call) the 

| f Seel 
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greateſt weight. The earth may be com- 
pared to a great round loadſtone rolled in 
fliags of iron, which it attracts equally on 
all ſides; ſo that they cannot fall off even 
from its undermoſ fide: nay, it will take 
them up from a table, if they be within 
the ſphere of its attraction.— By and by, 
you ſhall be ſatisfied with reſpect to your 
query about the ſun. TE 1 

E. So far I underſtand you very well ; 
but ſtill it ſeems odd to me that people 
ſhould ſtand oppoſite to us on the earth, 
with their heads downward. | 

N. I believe it does; but you know, 
that either the ſun muſt go round the 
earth to give us days and nights, or the 
earth muſt turn round like a globe on its 
axis to do ſo: and will not either of theſe 
motions anſwer the intended purpoſe? | * 

E. Undoubtedly it will. | 

N. Now, e e Aten 5 
you, and ſhall in due time prove every 
thing that I advance, even to your own 
ſatisfaction; I do fay, that the ſun does 
not move round the earth every twenty- 
four hours, but that the earth turns round 
in twenty · four hours: and as the ſun can 

| REL cnly 
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only enlighten one half of the earth at 
any given inſtant of time, and the other 
Half muſt then be in the dark; this mo- 
tion of the earth will cauſe the different 
places on its ſurface to revolve through 
the light and the dark in twenty-four 
hours ; in which time, of courſe, they 
muſt have a day and a night: and at the 
inſtant when it is mid-day at one place, 
it muſt be mid-night'at the oppoſite.---- 
Do you believe what I ſay with ref] pect to 
the earth's turning round ? 

E. I do, becauſe I am fully Gatisfied 
that you would not knowingly deceive 
me; and you have promiſed to ann 
that it does. 

N. Then, be pleaſed to ſtand up for a 
minute. It is now ſeven o'clock in the 
morning, and you think you are ſtanding 
upright, on the uppermoſt ſide of the 
earth.---You will think the ſame if you © 
ſtand upright at ſeven o'clock in the even- 
ing, when the earth has turned half round, 
becauſe you will then perceive no differ- 
ence of poſture: and yet, at that time, 
you will be very nearly in the ſame poſi- 
tion as a perſon is juſt now, who ſtands 

Wall on 
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on the ſide of the earth oppoſite to us: 
which perſon being as ſtrongly attracted 
by the earth there, towards its center, as 
we are here, he is in no more danger of 
falling off downward, ' than we are ar 
preſent of falling upward. 
E. Pardon me, fir, if you had not on 
at the univerſity, I ſhould have thought 
falling upward a very improper expreſſion. 
N. So it is; and I do affure you that I 
never heard ſuch an expreſſion at the uni- 
verſity, nor do I remember-ever to have 
uſed it before. But, to proceed. EE 
+ Up and down are only relative terms. 
Let us be on what part of the earth we 
will, we call it ap toward the ſky over our 
heads; and deun toward the center of the 
earth, to which all terreſtrial bodies would 
fall, by the power of the earth's attrac- 
tion. So that, with regard to open ſpace, 
what is up from any given point of the 
earth's ſurface, is down from the oppoſite 
Point thereof. And as the ſky ſurrounds 
the whole earth, we call it up toward the 
ſky over our heads, be where we will; 
and down from our place toward the center 
of the earth, | 


z. Then 


10 The YounG GENTLEMAN and 


E. Then, to be ſure, we can perceive 
no difference, as to our poſition at dif- 
ferent times of the day. You have quite 
atisfied me in this: but, pray, how can 
the earth Du not feel its mo- 

tion? 

VN. I heard you was at Plymouth laſt 
year; had you not then the curioſity to go 
aboard ſome of the ſhips there, or at 
the Dock ? 

E. My papa and I went to the Dock, 
with a ſmall. party of gentlemen and 
ladies. Mr. Falconer, who was then maſter 
of the Belleifle, happened to be on ſhore ; 
and obſerving that we were ſtrangers, he 
moſt politely invited us to ſee his ſhip, 
which was then lying with many others 
in the Hamoaze. We moſt willingly ac- 
cepted his invitation, and he took us all 
out in his boat; ſhewed us firſt into the 
cabin of the ſhip, and, as it was in the 
afternoon, he genteely treated the gentle- 
men with wine, and the ladies with tea; 
after which, he ſhewed us the whole in- 
ſide of his ſhip of war. The way that 
the different apartments are laid out, eſ- 
pecially the powder-magazine, and how 

it 
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it is ſecured from being dangerous ; the 
method of ſteering the helm, and many 
other things which I cannot well remem. 
ber, was a fight not only highly enter- 
taining, but greatly ſurpriing 5 and 1 
could not help wondering how it was poſ- 
ſible for the art of man to contrive and 
build ſuch a wonderous huge machine; 
and how it could be managed and con- 
ducted through the pathleſs ſeas, - 

N. It is ſurpriſing indeed! but how in- 
finitely more ſo is the power and ſkill of 
the Great. Creator- of the univerſe, who 
has made ſuch prodigious bodies as the 
Planets of our ſyſtem are (one of which 
is a thouſand times as big as our earth) 
and has ſet them off in the trackleſs ſpace 
around us, with ſuch degrees of ſwiftneſs 
as you will be amazed to hear of; and 
yet, at the end of each circuit they begin 
the ſame over again, at the ſame parts 
of ſpace from which he ſet them off at 
firſt,--- And the diſpoſition of _ all the 
apartments of the ſhip will not bear to 
be compared, not only with the ſtructure 
of the human body, but even with that 

| i of 
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of the meaneſt animal on earth. Was the 
day calm or windy ? 

E. Scarce a breath of wind was ftir- 
ring: the ſun ſhone clear, which made the 
ſurface of the water around us have a 
very pleaſing aſpect : and the fight of the 
ſhips about us, and of the town, was 2 
moſt beautiful proſpect. 

- N..I ſuppoſe you looked out through 
the cabin windows whilſt you were at tea. 
-----Did you ſee the ſame objects all the 
while ? 

E. I looked out very often; the firſt 
object I ſaw was a large houſe in the 
Dock-town ; but it ſeemed to me as if it 
moved very ſlowly toward the right-hand. 
I ſoon loſt fight of it, and other objects 
appeared to my view, and diſappeared 
ſlowly and gradually; which could ariſe 
from no other cauſe than the very ſlow 
and gentle turning of the ſhip the con- 
trary way. 

N. True: but did you feel the motion 

of the ſhip? 

E. Not in the leaſt; and the whole 

company agreed, that if we had not look- 
ed 
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ed out, we ſhould not have thought that 
the ſhip had any motion at that time. 

N. And is not that fingle caſe: fufficient 

to convince you. that the earth may turn 
round, and carry us all about with it, 
and we feel nothing of its motion; ef. 
pecially as the motion of the earth is 
much more regular and uniform than the 
motion . of a ſhip, or any. POR: machine 
that human art can contrive. 

E. I confeſs it is. But if the nk 
turns round, how comes it to paſs that a 
ſtone thrown directly upward, falls down 
again upon the very ſame place of the 
earth from which it was thrown up ? —- 
For, conſidering how large a globe the 
earth is, the parts of its ſurface muſt 
move very faſt, to turn round once every 
twenty-four hours. And if it. turns at all, 
its motion. muſt be eaſtward; becauſe the 
ſun, moon, and ſtars appear to move from 
Eaſt to Weſt. - Now, I ſhould imagine, 
that a ſtone or ball thrown directly up- 
ward from any place, would fall as far 
to the weſtward of that place, as the place 
itſelf has got to the eaſtward; whilſt the 

: ſtone 
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ſtone was diſengaged from the earth, and 
riſing and falling in the ſame line. 

N. Your obſervation is very ſenfible.---- 
But you ought to conſider, that any body 
which is put into motion will perſevere 
in that motion till ſome thing or other 
turns # aſide, or ſtops its courſe. The 
ſtone partook of the earth's motion before 
it was diſengaged therefrom : the perſon 
who took it up had the ſame motion, by 
which means it was ftill communicated 
to the ftone; and therefore, its motion 
was as quick eaſtward while it was rifing 
and falling in the open air, as the earth's 
motion is: ſo that it could not miſs fall- 
ing down again upon the ſame part of 
the earth. And although it would have 
appeared to a ſpectator to afcend and de- 
ſcend in the ſame perpendicular line, yet 
its real motion was in a curve, and would 
manifeſtly have appeared ſo to an obferver 
at reſt in the open air, on whom the earth's 
motion had no effeft. 

If a large boat was failing along, near 
the ſhore; two perſons oppoſite to one ano- 
ther in the boat might toſs a ball to each 
| een over and over acroſs the boat, to 
catch 
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catch for their diverfion: and they would 
imagine it to be only going to and fro, 
from one perſon to the oppoſite, always in 
the ſame line: whereas tis certain, that the 
progreſſive motion of the ball, going from 
one ſide to the other, would be equal to 
the progreſſive motion of the boat, : for if 
it was not, the oppofite perſon (who had a 
progreſſive motion) could not catch it, And 
altho' it would appear to all the people in 
the boat, to move forward and backward 
in the ſame line, yet, to an obſerver on 
che ſhore, who is no way affected by the 
motion of the boat, the ball would be feet 
to have a zigzag motion, never return- 
ing to either perſon in the ſame fine-in 
which he toſſed it toward the other. 
E. You have fully convinced me that 
there is nothing conchufive in my argu - 
ment againſt the earth's morion.—--And, 
in confirmation of what you ſaid about 
a body's being put into motion, that it 
will naturally perſevere therein, till fome 
eauſe or other turns it aſide, or ſtops its 
courſe, I had once the experience 'there- 
of; and very painful it was. For, croff 
ing dur mer in the" Dok ſtood up 
when 
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when it was about half way over; and 


as its motion was uniform by the men 


pulling the rope, I was quite inſenſible 
both of its motion and my own. But 
when it ſtopt ſuddenly againſt the bank of 
the river, I fell forward on my face, and 
was much hurt by the fall. Whereas, if. 
I had not, without knowing any. thing 
of the matter, naturally perſevered in the 
motion given me by the boat, I could not 
have fallen when i it was ſtopt. | 

VN. Indeed, EUDOSIA, you have en 2 
true philoſophical account of the cauſe of 
your falling: and now, I think we may, 
for the preſent, have done talkin g of this 


| Matter. | 


E. I think ſo too ; * ſpeaking of che 


| Fall makes me almoſt imagine I till feel 


it.—-But, pray, how do you prove that the 
earth i is round like a globe? | 
N. Iwill prove that immediately. The 


ſun ſhines in through the window.—.— 


E. What then? | 
N. Have patience a minute, and look 
at this ſmall globe in my hand, and the 
flat circular plate that lies on the table 
You ſee the globe may be hung by the 
thread 
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thread which. is faſtened to it. I now 
twiſt the thread, and hang the globe by. 
it in the beams of the ſun; and the globe 
caſts a ſhadow on that upright how be- 
hind it, Tou fee that the globe turns by - 
the untwiſting of the thread; hut let it turn 
how it will, it always caſts as round a 
ſhadow on the board as if it did not turn 
at all. -A now fix a thread to the edge of 
the flat circular plate, and hang the plate 
by the thread a little twiſted. You fee, 
that when the broad- fide of the plate faces 
the ſun, it caſts a: round ſhadow. on the 
board, as the globe did: but as it turns 
obliquely toward the ſun, by the untwilt- 
ing of the thread, its ſhadow is of an oval 
figure on the board; and when its edge 
is turned toward the ſun, its ſhadow on 
the board is only a narrow ſtraight line. 
E. All this is plain; but I cannot ima- 
gine what you are to infer from it. 5 | 
N. The earth always caſts a ſhadow - 
toward that part of the heaven. which 1s 
oppoſite to the ſun ; and the moon appears 
as flat to us as the board on which: the 
ſhadow of the ſmall globe was projected. 
When the earth's ſhadow falls upon. the 
C moon,. 


z 
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moon, we ſay, the moon is eclipſed.” Theſe 
eclipſes happen at all different times of 
the twenty-four hours; and, conſequently, 
when all the different fides of the earth 
are ſucceſſively turned toward the Sun. 
But the earth's ſhadow on the moon is al- 
ways bounded by a circular line; and 
therefore, it is plain, that the earth muſt 
be of a globular ſhape.- --For, if it were 
ſhaped like his flat circular plate, its ſha- 
dow on the moon could never be circular 
but when its broad-ſide/was turned direct- 
ly toward the ſun. At other times, the 
ſhadow would be either of an oval figure, 
or only a ſtreight line, as you have ſeen 
on the board. There are ſeveral other 
ways of proving that the earth is round; 
but I believe you are ſatisfied that it is fo, | 
from what J have now thewn you. 

E. I am entirely ſatisfied, and therefore _ 
more proofs would be ſuperfluous. / But 
I ſhould now be glad to know how you 
prove that: the earth turns round; and 
25 the ſun does not go round the earth. 

N. Before I proceed to the demonſtra- 
tion, 1 will aſk you a very plain queſtion, 
which I hope you will nct take amiſs, 
F | : as 
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* 1 
as I have not the leaſt As to affront 
To | T p x: 


Indeed 1 do not believe you have; 
ä Ken therefore I beg you will aſk. it. 
N. Suppoſe you put a ſmall bird on a 


ſpit, and put it to the fire; Whether it is 


the beſt way to turn the ſpit, round with 
the bird, or to let the ſpit ſtand Kill, * 
move the fire round about it? 6 
E. Your queſtion almoſt Carptiſes me. 
for, not to ſpeak of the wiſdom of man, 
ſure no woman of com̃mon ſenſe could be 


ſo abſurd, as to ſet about contriving how 


to make the large fire and * be car- 
ried round the ſpit. 

N. True, Zudeſia. No] I can a 
you, that the ſun is, at leaſt a million of 
times as big as the earth; and is therefore 


more unfit to be moved round the earth, 


than a great fire, and the grate that holds 


it, is to be moved round a ſmall bird oon 


a ſpit. And as no man in his ſenſes would 
go to work on ſuch an abſurd attempt, 
would it not be horrid blaſphemy to ſupr 
poſe, that the DEITV, who is the very 
eſſence of wiſdom and nee world. 
do ſo. | | 

: Cao. . Heavedh 
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E. Heaven forbid the thought! the 
bare mentioning ſuch a thing is enough 
to chill one's blood.---Were I ſure, that 
the ſun could be proved to be 'a million 
of times as big as the earth, I ſhould aſk 
no further demonſtration of the ſtability 
of the ſun and the motion of the earth; 
becauſe J ſhould naturally conclude, that 
the ſun is a million of times more unfit 
ro move than the earth is. And, as the 
moſt ſuperlative degree of wiſdom and 
reaſon is in the Deity, tis impoſſible for 
me to imagine he could do any thing 
that is irrational.---My belief is, that he 
always makes uſe of the feweſt, moſt 
ſimple, and moſt rational means, to pro- 
duce the greateſt, moſt noble, and moſt 
aſtoniſhing effects; ſuch as his infinite 
goodneſs and beneficence to his creatures 
has rendered conducive to their e, © 
in numberleſs inſtances. 

N. He certainly does. And now I will 
prove to you, that the earth turns round 
every twenty-four hours; not upon any 
material axis, but on an imaginary 
ſtraight line within itſelf, paſſing through 
its tenter, and terminating in its North 
2 | ] Of — 1 : an d 


* 
; 4 
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and South points, which axe called its 

North and Sutb poles ; as an orange would 
turn round in the open air, if you firſt ſet 
it a-whirling, and then throw it off Mur 
hand in the air. 

Water naturally runs AG. all be 
around the earth, from theſe parts which 
are higheſt, or fartheſt from the center, 
toward thoſe which are Joweſt- or neareſt 
to it: and this is cauſed by the power of 
the earth's central attraction, which draws 
the water and all other bodies that way. 

Nqw, if the earth was perfectly round, 
and ſmooth like a poliſhed globe, all the 
parts of its ſurface would be equidiſtant 
from its center; and water could never 
run upon it. About three. fourth parts of 
the earth's ſurface is covered with the ſeas, 
which join or communicate with each 
other. And if the earth had no motion 
round its axis or center, the attractive 
force (which is equal all around at equal 
diſtances from the center) would cauſe the 
ſurface of the ſeas to be of a perfettly _ 
round and globular form. TERS. | 

E. Undoubtedly it would: for then, as 
every particle of the water's ſurface would 

* C Zo | be 


* 
* 


U n 


11 
1 


F 


22 The: Youxs ovrLAuAx and 


be drawn with equal force toward the 
earth's center, and theſe-particles do touch 


each other; none of them could get near 


er the center than their neighbouring 
ones. 
N. Right. And now, a dae the 


earth to be at reſt, and the ſurface of the 


oceans and ſeas to be perfectly globular ; 3 
what do you think the conſequence would 
be, if the earth ſhould begin, and continue 


to turn round on a line within idſelf, as if 


it turned on a real axis 

E. Let me think a little.---I have pb» 
ſerved, that hen our maid took her mop 
out of a pail of water, the head of the 


if 
Py 


8 0 2 
n. 


mop was round: but when ſhe began to ö : 


trundle it on her arm, it immediately 


became flattened at the parts of the ſtick | 


which were even with its ſurface; and 
it ſwelled out in the middle. Pray, bro- , 


ther, if I may be allowed to make a very | 3 


odd fort of a compariſon; may not an 


imaginary line in the heart of that part 


of the ſtick which is within the mop be 
called the axis round which the mop turns; 


4 


as you have told me that ſuch a line 2 


within the earth, from its North to its 
South 
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South poles, is called the axis of the 3h 
earth ?---If ſo, ſeeing mat the. Waters o on the * : 


earth are of. as yielding! 6. 9a as the 1 
cotton of the. mopz Lapgreben e 1 SA 
.the cart burned, round 1 118 a 4 '” Av 
of the about the . poles, would 4" 
flat, a ad he arkace of the "Teas. oY 
fartheſt from, the poles would welt 
all around; and ſo, the figure 5 
would be like that of a whirh gg 

N. No 'philolopher, could he 
more apt compariſon, : nor: in 
better concluſion. from I. When told 
you before, that the. earth is round, I did 4 
not mean that it is ftridtly ſo; although, + 
at the diſtance of the moon, it Would ap- + 
pear to be round, as its ſhadow | the i 
moon does to us. 1 do not hetel 7 
the hills as any thing, becauſe they are 1 ' 
little in compariſon to the whole bak e 3 
the earth, that they rake off no more, from _ 
its roundneſs in general, grains; of 
duſt do from the roundneſs that mall 


'F 


three inch globe which you ſee on t the w—_ >. 
table. It is quite round, and covered all - 
over with paper, on which there is a mag 2 | 
of che land and water on the carth's füf * 

| Oo facc. 
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face. The middle line (ſee Fig. t, 5. 
PLATE I.) or circle, that is drawn round 
it, is called the Eguator, which divides the 
globe into two equal parts, called the 
Northern and Southern Hemiſpheres, or half 
globes. The North and South Poles are the 
middle points of the North and South hemi- 

; ſpheres, each pole being a quarter of a cir- 
cle diſtant from each point of the equa- 
tor, all around: and a ſtraight line drawn 
through the center from pole to pole, 18 
called the axis of the globe. | 

If the thin papers were ſcraped off 
from the poles, and almoſt half way round | 
them toward the equator, the globe would 
be a little flattened at the poles, and com- 
paratiyely ſo much ' ſwelled out about the 

equator; bur if it were then viewed from 
the diſtance of fix or ſeven feet, it would 
ſtill appear to be round. — 

E. I believe i would +- but what of all 
this ? 

N From actual meaſurement and ob- 

ſervation, the earth is proved to be a little 
flattened at the poles, and ſwelled out 
about the equator; the equatoreal diame- 
ter or the earth being thirty-five ' miles 
longer 
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longer than the axis or polar diameter. 
This you may think a great deal, but it 
is very little when compared with the bulk 
of the earth, as you will eaſily judge when 
I tell you, that no leſs than 2 55006 En- 
gliſn miles would. meaſure it'round: and 
the higheſt mountains that are known are 
not three miles of perpendicular height. 
Now, as water naturally runs downward, 
if the earth had no motion on its axis to 
keep up its figure, the water of the ſeas 
would run from the higher parts about 
the equator, to the lower parts about the 
poles, and overflow the polar regions for 
many hundred miles all around; and even 
Britain itſelf would be laid ſeven miles 
under water. 

E. This is a very plain caſe: and the | 
not returning of the waters from the ſexs . 
about the equator, is to me an evident 
proof of the earth's turning round its 
axis; without which, the ſurface of the 
waters would become of a general round- 


nels, as I ſaw the head of the mop do ' 


when the maid left off trundling it. And 
now it ſeems plain, that the Almighty 


muſt have made the rigid earth as much 
Og.” i 22, BG 


: 
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higher about the equator, than the land 


is about thoſe places near the poles, as 


the earth's quick motion about the equa- 
toreal parts would cauſe the waters to riſe 
there. For I ſce by the globe, that there 
are great quantities of land about the equa- 
tor, and many ſmall iſlands in the ſeas, 


. which are not overflowed. 


N. The more you know of theſe mat- 
ters, Fude/ia, ſtill the greater reaſon ' you 
will have to admire the power, and adore 
the wiſdom and goodneſs of the Deity. _ 

E. Indeed, brother, I believe 1 ſhall,--- 


And & had bean. to think. "Ber is cn 
atheiſt would be perſuaded to learn Aſtro- 


nomy, it would ſoon cure him of his in- 
fidelity. 


N So I have often thought, ſince I knew _ 


any thing of · the matter. 
E. I think you told me, this . 
three· fourth parts of the ſurface of the 


earth is covered with ſeas; and by Iook- 
ing on that ſmall globe, I imagine it may 
be ſo. But you have nor yet told me, 


how it is known, that the earth's circum- 
ference i is 25,000 Engliſh miles; and per- 


| haps 
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haps I ſhould not be able to underſtand i it 
if you did. 

N. The bulk of the . is e 
ed by (what is called) Geometry, and could 
not have been known by any other kind 
of learning. And as you do not yet un- 
derſtand any part of that ſcience, 1 ſhould 
only confound your head by talking to 
you on that ſubje& at preſent. | 

E. Your ſaying, at preſent,” gives me 
ſome hopes, that you will endeavour. to 
inſtruct me in that branch of ſcience af- 
terward.---But can you tell me juſt now, 
how many miles of the earth is land; 
and how many are covered with the 
ſeas? 

N. The farface of the earthy part of 
our great globe is divided into four great 
tracks or ſpaces, called Europe, Aſia,  Afri- 
ca, and America ; as you fee them laid out 
on the ſmall three inch globe. 

According to meaſurement of _the beſt 
maps, the ſeas and unknown parts of 
land contain 160,522,026 ſquare miles: 
the inhabited par:s 38,990,569'; Europe . 
4.456, 6 5 Aſia 104768,823 3 Africa 
9,654,807 ; America 14,1 10,874. In 
all, 


| 
| 
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all, 199,512,595 3 which is the num- 
ber of ſquare miles on the nn, ſurface 


of our globe. 


. Lade de Pistons bun ofitle 


earth ; bur infinitely more ſo, the power. 
that muſt have ſet it in motion at firſt, 
| N. Nothing is great or ſmall but in 
13 compariſon. We are very big when com · 
pared with animals which can be ſeen 


only by the help of a microſcope: the 


earth is big indeed when compared with 


ourſelves, who live upon it: the planet 
Jupiter is a thouſand times as big as our 


planet the earth into motion, how much 


more muſt you admire the power which | 


put the whole planetary een round: us 
in motion! 


E. I ſink into nothing, in my own | 
mind, Alas, what have we to be proud 


of? If I had been proud before, Aſtrono- 
my would have cured me effectually of 
= | W ©; has, 
M. Indeed it might cure any one of 
pride: and I believe no aſtronomer can 
* be 


* 


earth, and the ſun is more than a thous | 
ſand times as big as Jupiter.---If you ſo 
juſtly admire the power that put our ſmall 


— 


| | 
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be either proud or impious, But hark! 
the bell rings for breakfaſt,--I, thought 
to have ſatisfled your query about the 
ſun, but muſt leave it till the next oppot- 
tunity. Be ſure then to put me in mind 
of it, and afterwards to talk about the 
ſolar ſyſtem. 

E. I believe I ſhall have n o occalon to 
re-mind you. | 


\ 
2 
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DIALOGUE I. 


On the BALANCE of NATURE and the 
| SOLAR SYSTEM, |, 


Neander. 

ELL, ſiſter; what became of you 
yeſterday after breakfaſt? I went 
to my room immediately after, thinking 
you would follow me, that we might 
have a little converſation. But, inſtead of 
that, you have left me quite alone; for I 
never ſaw you the whole day afterward, 
except at dinner and ſupper. | 

Eudoſia. Indeed, brother, I was ſo much 
pleaſed with what you told me yeſterday 
morning, that I was, willing to make the 
moſt and beſt of it that I could; and there- 
fore employed the reſt of my time in writ- 
ing down every thing that I could re- 
member. 


N. I 


x 
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N.1 am very glad of To, wilt now 1 
find you intend to emulate a young lady 
of quality; who, laſt year, attended a 
courſe of lectures on experimental philoſo- 
phy at Tunbridge Wells; and always, 
when ſhe went home, wrote down what 
ſhe had heard and ſeen. The perſon who 
read the lectures informed me, that he 
was (though with ſome difficulty) favour- 
ed with a ſight of the young Lady's ma- 
nuſcripr - and” aſſured me, that ſhe had 
therein given a very good account of the 
wachindy and experiments. I hope you 
will not refuſe to ſhew me Journ, every 
day, as we proceed. 

E. You ſhall always ſee it, were ir on- 
ly for this ſelfiſh reaſon, that you may 
correct and amend what is wrong in it: 
and then I ſhall reap the advantage. I 
will now repeat my yeſterday” s query: 
To what is the ſun fixed? for you have 
convinced x me that he does not move round 
the earth. 

N. The ſun is not fixed to auß of i ing at 


all; nor is it any way requiſite he Id. 
I told you that the . of bodies to 
the 


4 


ol 
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the earth is ſolely cauſed by the earth's 
chan. | | 

l remember ir; very wel; and it 
ſeems plain to me, that their falling to- 
ward the earth's center, on all fides of it, 
is a demonſtrative proof of the earth's at- 
traction. For what elſe could: poſlibly _ 
determine bodies to fall, on oppoſite ſides 
of the earth, in directions quite contrary 
to one another ? 

N. Right, Eude/ia, jou are a philiſopher 
already: and I ſhall have very great: plea- 
ſure in teaching you, at leaſt, *. rudi- 
ments of Aſtronomy. 

The tendency of bodies to £1, is a. 
led their Gravita/ten, and the power which 
gives them that tendency, is called Autrac- 
tin. Now, ſuppoſing the ſun (PLATE I. 
Fig. 2.) to be the only body that exiſts in 
univerſal. ſpace, and that he is put into” 
any part of open ſpace, pray, to What 
other part of ſpace do you think he mou: 
fall? 

E. I think he could not fall to any 
other part of ſpace at all, becauſe there 
would be no other body to attract him: 
and, therefore, 1 imagine, that he would 

always 


| T9 
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always remain where he was placed, ſelf 
balanced' on bis center; as my favourite poet 
Ailton elegantly. expreſſes it une 


thy: earth. | 

N. Tour obſervations hs: fridtly: juſt 
And now, to lead you further on, I tell 
you, that the ſun's attraction reaches many 
millions of miles all around him; - and 
that all bodies attract each other accord- 
ing to their reſpective quantities of matter 


that is, according to the number of par- 


ticles of matter they are compoſed of. I 
have already told you, that the fun is a 


million of times as big as the earth: 


and as the ſun and earth are within the 
reach of each other's attraction; whether 


do you think, that the ſun ſhould fall to 


the earth, or the earth to the ſun? n 


E. I think; that if the ſun'contains as 
much more matter than the earth does, 


as he is bigger than the earth, it is a 
million of times more reaſonable, that the 
earth ſhould fall to the ſun, than pe the 
ſun ſhould fall to the earth. Fit 

N. Right again; ſiſter but now Vntut 


| reform you, that the ſun is not ſo comms. 


D deaſs/«: body: ax; vlagidghh, is; and 


3 . therefore 


"I 
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more matter than the earth does, as he is 
bigger than the earth. But his quanti- 
ty of matter is more than 200,000 times 
as great as the carth's : and, conſequently, 
he attracts the earth more than 200, 000 
times as JO as the n nn 


F. Then 1 ſhould think, that he aun 
5 and earth would naturally fall toward 
ceach other, and come together at laſt: 
only, that the earth would fall 200, ooo 
times as faſt toward the ſun, as the * 
would toward the earing. 
N. And fo they would, if there were 
1 an- 
E. And what is it that hinders 3 
N. I will begin to anſwer your queſtion 
by . you one. Did you ever put a 
pebble into a Ning, and whirl it n 
your head? ' | 
E. Yes, Sir, Sachs inn 
N. And did you feel no tendency in 
the pebble to fly off from the ſling ? - 
E. O, yes! and the moment I let che 
ſtring flip from my hand, away the peb- 
dle flew.—I likewiſe remember, that. the 
fs faſter 


| ' 
| | 
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faſter I Whirled the ſling, e ter was 
the tendency of the pebble to y off; and and 
that I was obliged to pull the ſtring ſo 
mach -the e «10. de e Pebble 
from doing ſo. 

N. That- obſervation will he of more 
ſervice to you by .and by, than you at 
preſent think of; but it would be too 
ſoon to tell you juſt now how it will. | 
= 1 will wait till you find jt proper t9 | 

tell me. But I am almoſt impatient to 
know what you are iw infer from che peh. 
ble and fling. . - | 
N. All bodies hat move in circles have 
a conſtant tendency to fly off from theſe 
circles; which tendency is called their 
centrifugal force. And, in order to keep 
them from flying off, there muſt be an 
attrattive force at the centers of theſe circles, 
equal to the centrifugal force of the mox- 
ing bodies. The earth goes round the 
ſun once a year, in an orbit or path which 
is nearly circular; and it would as na- 
turally fly off from its orbit, if the ſup 
did not attract it, as the pebble flew qut 


. that it deſcribed round your 
D2 8 | head, 


head, when you quitted your hold of the 
Aring. 


125 that the pebble and fling pul- 
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E. This is new doctrine to me; for 
you never told me before, that the earth 
goes round the ſun. The earth then has 
two motions, one round its axis in twenty- | 
four hours, and one round the ſun in a 
year.--Can you prove as clearly, that the 
earth goes round the ſun, as you have 
proved that it turns round its axis? 

N. I will prove it negatively juſt now, 


and poſitively afterward. If the earth 


had no motion round the ſun, it could 


have no centrifugal force, to hinder it 


from falling to the ſun, by its own weight 

or gravitation, which is 'conflitured by the 

me of the ſun's attraction. 
. I ſee that the earth's motion round 


Me far is indiſpenſibly neceſſary, and am 


that, big as he is, the earth's attraction 
would pull him out of his place. For, 1 


led 


Patty 


a 


therefore ſatisfied that it does exiſt. But 
I think the ſun would require ſome mo- 
tion too, in order to give him a centrifu- 
gal force ; without which, it ſeerns to me, 


* 


i Ie 20 * 
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led my hand ſo ſtrongly, 1 the . 
pebble Was ſmall, that I could not poſſi- g 
bly keep, my hand fteady whilſt the peb- 
ble was in motion.1 
N. Well done, ſiſter. Mt ſun, really 
moves in an orbit as well as the earth; 
and the ſun's orbit is as much leſs than 
the earth's, as his quantity of matter is 
greater than the earth 's. And, as both 
theſe bodies go round their orbits in the 
ſame period of time, the ſun moves as 
much flower than the earth. does, as his 
quantity of matter is greater than the 
earth's. So, what is wanting in the Ve- 
locity or,ſwiftneſs of the ſun's motion, ig 
made up by his quantity of matter; and 
what is wanting in the earth's quantity of 
matter, is made up by the ſwiftneſs of | 
its motion in its orbit : on which account, 
their centrifugal forces are equal to each 
other's attractions; and, as theſe attrac- 
tions keep them from flying out of t 
orbits by their centrifugal forces, 
theſe forces keep them from fallin to- 
wards each other by their mutual attrac- 
tions. And this is, what we vo, SES 


lie of nature. 
. 5 7 . This 


15 
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E. This is a bew Bgtic tb e, And 4 
mbſt delightful one it is: But, although | 


'T chink 1 Auer dend it, I wiſh you n 


further explain it by a figure. 
N. Here is a figure (PLATE I. Fig: 3 ) 
which I drew laſt night on purpoſe for 
you ; in which, ſuppoſe A to repreſent the 
ſun, B the earth, and C the line of direc- 
tion in which the fun and earth miutual- 
ly attract each other : in which line, rake 
a point g, as much nearer the center of 
A than the center of B, as B contains leſs 
matter than 4; the center of A being at 
b, and the center of B at !. If A and B | 
were allowed to fall againſt each 
by the power of their mutual attractions, 
then, in the time that 4 would fall through 
the ſpace 5 g, B would fall through the 
ſpace ig; and both theſe bodies would 


meet at g, becauſe B would fall as muck 


faſter than 4, as its quantity of matter 
(and conſequently its attractive Wee is 


leſs than that of A. + 


But, in the time the ſmall holly Bes 
round the large circle abc, the great body 
A goes round the ſmall circle de /; by 
which motion, each of theſe bodies ac- 
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— $4 centrifugal force equal to the 
attractive force of the other ; and the point / 
4 is the center of both the circles Which 
the bodies deſfribe ; and is called their 
common center of gravity, ax the ae of gre- 
viry between them, 
E. od be glad to know why it ls 
ſo called. 
N. I wil tell 5 A ad 5 
to be to halls of different quantities of 
matter, and conſequently of different 
weights ; and that thoſe balls are connect - 
ed by a ſmall inflexible wire, C, that has 
no weight at all (if you can imagine a 
wire to have no weight, | like the imma- 
terial line in which. the ſun and earth at- 
wract each other). Hang the wite by a 
thread fixed io che point g. Which point is 
as much nearer, the center gf the great 
ball 4, than it is to the center of the lit- 
tle ball B, as the weight of B is leſs than 
the weight of 4. and then, theſe balls 
will ſupport and balance each geber, like 
different, weights at the two ends of a 
common ſteelyard, by Which vou have 
ſeen meat weighed at home, after it vas 
brought from market. The point g may 
1 D 4 5 repreſent 


| 
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repreſent the center or axis of the ſteel- 
| yard, which bears the weights that are at 
Hoth its ends. And, as gravity and weight 
are ſynonymous terms, the point g, or 
center of the ſteelyard, is not improperly 
J termed the rande of e of we 3 
4 and B. 

Z. I e you -perfely' well; 3 
andiam much obliged to you for the pains 
you have taken hitherto, to 3 en 
thing ſo plain to me. 

N. And, now, if you twiſt yy oy 
by which the wire and balls are ſuſpend- 
ed at the point g, the untwiſting of the 
thread will cauſe them both to go round; 
the great ball in the ſmall circle de 7, and 
the little ball in the great circle ab c; and 
the center of gravity g berween ny Wo 
remain at reſt, 175 

E. From Which I infer, ane cen 
ter of gravity between the . and wood 
earth is a motionleſs point. | 

N. And your inference is right.” 

„ E. +I was juſt going to aſk you a 
queſtion, but am very glad a lucky thought 
prevented me; for it Would: have _ 
quite e childiſh. 


N Remember 
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N. Rether what M. I told 
you when he began to teach yon French 
Never fur, but ſpeak gyt, b or res f 
you are wrong Tul not laugh at yo I will put 
vou right.---Now tell me'what your intend- 
ed queſtion „ een une 
E. As we were obliged to bang hb 
wire and balls by a thread, to ſupport 
their center of gravity; I was juſt about 
to alk, What is it that ſupports the center 
of gravity between ye N the 
fun gy. 's o 31 ; 

N. Well And What Was 50 waxy 
thought that prevented your aſking that | 

queſtion ? „eee SHAQ ERAL2 34 
E. I immediately recollected, that we 
"muſt ſupport the center of & gravity between 
the two balls, becauſe, Serie they 
would have fallen to the great earth by 
the power of its attraction. But, as there 
is no greater body than the ſun and earth 
to attract them, they could fall no way 
but toward each other: and, therefore, 
the common center of gravity re 
them needs nothing to ſupport it. ' 
N. If you had aſked the queſtion,” 
ſhould h have told you the very ſame thing. 
| 5 E. If 
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E. If all che, parts of aſtronomy are as | 
— learnt as thoſe which you, have 
already taught me, I ſhall have ng reaſon 
to be vain, even if? become a tolerable 
good aſtronomer by your inſtructions. . 

N. I dare not ſay they are; but I will 
make every part of it, which I inform 


Fou of, as plain as I can. 


E. You haye already told me that the 
cond is a planet, and that there are ther 
Planets beſides, which go round the ſun. 

N Yes; there are five beſides our 
. carth : and they are called Art Venus, 

Mars, Jupiter, and Saturn. 
x. Then, our fun maſt be thei d 
1 1 js really fo; and colighten them 

Wo could never — Wk that: the 1 
mighty does any thing in vain; and there 
fore I begin to think, that all the other | 
Planets are inhabited as well as our earth. 
For, to what purpoſe could the ſun ſhine 
upon lifeleſs lumps of matter, if there 
were no rational creatures upon them to 
enjoy the benefit of his light and heat 2 

N. Ay 


1 


n neee i Ts 


VN. Ay, why indeed And will tell 
you one thing more, which will confirm 
your belief that they are inhabited. They 
turn round their axes, a8 our earth turns 
round its axis; for which plain reaſon, 
they have days and nights us our earth 
Has : and the two which are fartheſt from 
the fun, namely, Jupiter an Sewn, and 
which, conſequently, have much leſs light 
than our earth has; have moons to en- 
lighten m n ** OP 
e 500 
E. To me this is 2 — * dale of 
their being inhabited; and is enough to 
make us think, that we are but à ſmall 
part of the creation, or of the favourites 
of heaven: and that all the regards of 
eee Mme. 
3 e e en 
N. The Deine Providledes de -univerial. 
GOD loves his creatures, a is /manifet 
by what he hath done for us, ho, per- 
haps, deſerve leſs of his fuvour than che 
inhabitants of all the other planets do, 
taken together. ---It is as cafy to him to 
take care of thouſands of millions 28 of 
ob h and to-liften to all their 
"1 A various 5 


* 
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various requeſts.---On account of his om- 
nipreſence, nothing can eſcape his notice; 
and on account of his omniſcience, ny 
can eſcape his knowledge! Es 1 
E. And, as his omnipotence may be 
| inferred from his works, ſo I have often 
thought, that his goodneſs may be infer- 


red from his power. For, as he had 


power enough to make the world, he cer- 
tainly has power enough to. puniſh: the 
world: and, conſequently, if his good- 
neſs were not equal to his power, he would 
; puniſh us ſeverely for breaking his laws. 
VN. believe, ſiſter, e eee 
rence was never made. 

E. Do all the planets go round ahe fon 
in a year, as our earth does? 
VN. No; thoſe which are ee 1 
ſun go ſooneſt round him, and thoſe 
vhich are fartheſt from bim are. longeſt 
in performing their circuits. 

E. And do they all move round the 
center of gravity between the ſun and 
en as round a fixed point? ? 

E. They do. 

N. Then, as the times of 3 
mund the ſun are ſo various, I cannot 

| 7 ſee. 
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ſee how the ſan can deſcribe” any regular 
circle round the common center of grayi- 
ty between him and them all. For, in 
order that the ſun ſhould move regularly 
round ſuch a circle, I think all the planets 
would need to be * n dus. 
maſs. 
N. Tis very true; 155 „n 908 
ceed by degrees. What I ſhowed you by 
the figure was only on ſuppoſition, that 
there is but one planet belonging to the 
ſun. But as there are ſix belonging to him, 
and going round him in very different 
periods of time, he is only agitated (as it 
were) round the common center of gra- 
vity of the whole ſyſtem; and deſcribes 
no regular or perfect circle round it, but 
is ſometimes nearer to it, and at other 
times further from it, according as he is 
attracted by a greater or ſmaller numbet 
* ng toward any fide of the heavens. 
E. In what has do all the FnG 8⁰ 
| round che fein!? 35 eee 
N. Mercury in 87 days, 3 rs,” ot 
our time; Venur in 224 days, 17 hours; 
the Earth in 365 days, 6 hours; Mu in 
686 8 23 hours; Jupiter in 4332 
| __ 


* 
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days, 1 2 hours; and Saturn in 10,759 
days, 7 hours; all ee, 1 
Wen; by South, to Eaſt, 

IE. And do you know what their ci 
ads! whe fous are? | 
VN. Their comparative aides Sow 
the ſun have been known long ago, both 


by the laws of nature, and by obſerva- 


tion, and are as follows.--If we ſuppoſe 


the earth's diſtance from the ſun to be 


divided into 100,000 equal parts, Mer- 
cury's diſtance from the ſun will be equal 
to 38,7 10 of theſe parts; Venus's.diſtance 
92,333 3 Mars's diſtance 152,369 1 Ju- 
piter's diſtance | $20,096 3 e 
Shes 954,006. | 
E. And can you tell n many miles 
are WN in theſe part? 
VM. Not ſo exactly as we could wiſh 
yet aſtronomers: have come much nearer ”. 
to the knowledge thereof, by the late 
tranſit of Venus over the ſun, on the 6th 
of June 1761, than ever they were be- 
fore. But we muſt) wait with patience till 
the year 1769, when there will be a much 
better tranſit of that planet over the fuh, 


in the evening of the third of June; hy 
, _ which 


[| 
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which means, if it be ts obſerved 
at different places of the earth, the dimen 
ſions of the whole ſyſtem will be very 
nicely: known. And the aſtronomers will 
do well to embrace that opportunity, be- 
cauſe there will not be Tuch another in 
a hundred years afterward; The method 
of finding theſe diftances by the tranſit is 
purely geometrical; Which, as you have 
not yet learned any thing of geometry, I 
cannot at preſent make you underſtand.” 
E. But, tell me what theſe diſtances are, 
as deduced from the Tout N 6 mary 
176 . | 
N. Mercury's 4 e dun i. | 
26; 841,468 Engliſh miles: Venus's dif- 
tance 68,891,486 : the 'Eatth's diſtaner 
95, t 73, ooo: Mars's diſtance 1 45301 41-4 8: 
Jupiter's diſtance 494979019716: en. 
turn's diſtance 90795 6, 30. 
E. Theſe diſtances are re 
great, that I can form no ideas of them. 
N. Then I will endeavout to render 
a done familiar to you. For we ate 
generally ſo much uſed to ſpedk of chou- 
en in "tas . — 
| 
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loſt. the idea of . ne con- 
tain. i | 
- Suppoſe a "hody:. nrojected! fda; he 
he, ſhould continue to fly. at the rate of 
480 miles every hour, (which is much 
about the ſwiftneſs of a cannon- ball) it 
would reach the orbit of Mercury in 8 
years, 276 days; of Venus in 16 years, 
136 days; of the earth in 2 2 years, 226 
days; of Mars in 34 years, 165 days: 
of Jupiter in 117 years, 237 days; and 
of Saturn in 215 years, 287 days. 
E. Amazing to think, that a cannon- 
ball would be upwards of 200 years in 
going from the ſun to the remoteſt planet 
of the ſyſtem 1 The diſtance mu indeed 


be immenſe! - 


VN. Great as you think it, Gates | 
ſure great it is) yet ſome of the comets 
go almoſt fourteen times as far from the 
ſun as Saturn is : notwithſtanding: which, 
they are then nearer: to the ſun than to 
any of the ſtars. For, if any comet ſhould 
go as near to any ſtar as it is to the ſun, 
when fartheſt from him, it would be as 
much attracted by that ſtar as it is then 
by the ſun ; n its motion being then 

toward 
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toward. the ſtar, it would go on, and den 
come a comet to that ſtar; and we ſhould 
never hear of it any more. And now, 
Eudeſia, What do you nn of the ene 
of the ſtars? 

E. Iam loſt in 0 |-Bur coppaling 
there were no comets, pray is there any 
other way by which wa might know 
that the diſtance of the ſtars is ſo incon- 
ceiveably great? 

N. I ſhall only tell you of e one way. 
If we are at a great diſtance from two neighs 
bournig houſes, they ſeem to be ſmall, 
and at a little diſtance from one another. 
But, as we approach nearer and nearer to 
them, they feem to grow bigger and big- 
ger, and the diſtance between _ to 
encreaſe. You know this. 

E. Very well: pleaſe to ANTE! 

N. The earth goes round the ſun every 
year, in an orbit, which is upwards 'of 
190 millions of miles in diameter 
Hence, we are 190 millions of miles 
nearer to ſome of the ſtars juſt now, than 
we were half a year ago, or ſhall be half 
a year hence: and yet, for all that; the 
a ſtars ſtill appear to us of the ſame 

E magnitude, 
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magnitude, and at the ſame diſtance from 
each other, not only to the bare eye, but 
alſo when viewed by the niceſt made in- 
firuments.--Which ſhews very plainly, 
that the whole diameter of the earth's 
orbit is but a dimenſionleſs point in com- 
pariſon to the diſtance of the ſtars. 
E. All further proofs of the immenſe 
(and, I ſhould think, almoſt infinite) diſ- 
tance of the ſtars, would be ſuperfluous, 
But, as we were talking about the comets, 
pray, are they not dangerous We are 
always frightened when we hear of their 
appearing, leſt their fiery trains ſhould 
bura the world. 
N. That is owing to EE pay ron 
ing better. The orbits of the planets are 
all nearly in the ſame plane, (as if they 
were circles drawn on a flat board) but 
the orbits of the comets are elliptical, and 
all of them ſo oblique to the orbits of the 
planets, and alſo ro each other, that no 
comet can ever touch a planet. And, as 
to thoſe appearances, which are called the 
* tails of the comets, they are only thin 
vapours, which ariſe from the comets, 
| and which could not hurt any planet, if 
Bit; ; 11 
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i ſhould happen to go through that va- 
pour when the comet is croſſing the plane 
in which the planet's orbit lies. If cheſs 
trains were fire, we could not ſee any 
thing through them that is beyond them. 
For, if you hold a candle between you 
and any object, you cannot ſee that ob- 
jest through the flame of the candle; but 
the ſmalleſt ſtars are ſeen through the tail 
of à comet. 

E. This is comfortable doctrine in- 
deed. 

N. Beſides, you know that the world 
muſt be converted to Chriſtianity before it 
be burned; which, we can hardly believe, 
will be within the time that you and I can 
live, according to zhe ardinary courſe E 
nature. 

E. Alas, brother! our people who go 
into thoſe remote parts where Chriſtianity 
was never beard of, behave ſo unjuſtly 
and cruelly to the poor natives, as might 
rather frighten them from the chriſtian 
religion, than induce; them to embrace it. 
I confeſs :I am not at all ſurpriſed, when 
I hear, that the native Americans iſe 
ſometimes in large bodies, and — 

1 
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thoſe who call themſelves chriſtians, on 
account of their barbarous ways of uſing 
that people. N 

N. It is not at all to be wondered at: 
for their ne iples are, Good ue good, and 
Evil for evil. | 

E. As it makes me a0 to think 
or ſpeak of theſe things; I beg we may 
_ reſume our intended ſubje&t. Conſidering 
how far the planets are from the fun, and 
in what times they go round him, they 
muſt move very faſt in their orbits. I 
ſhould be glad to know how many miles 

they move every hour. - + 
N. Mercury moves 109,6 99 Engliſh 
miles every hour; Venus, 80,295 ; the 
Farth, 68,243; Mars, 55,287 ; Jupiter, 
29,083; and Saturn, 22,101 . 

E. And ſo we are carried 68,243 miles 
every hour, along with the earth in open 
ſpace, without being in the leaſt ſenſible 
of that rapid motion. 

N. We are indeed, filter. | 

E. And can you tell me what the mag- 
nitudes of the ſun and planets are? 

N. When the diſtance of an object is 
known, there are eaſy geometrical rules 
850 Fe Fu 5 for 
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hours, 539 minutes; and the fourth, or 
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for deducing its real bulk from its appa- 
rent bulk. According to the fore-mention- 
ed diſtances, the ſun's diameter is 893,760 
miles, (and conſequently. he is 1,410,200 
times as big as the earth); Mercury's dia- 
meter, 3100 Venus's, 9360 ; the Earth's, 
7 970 + Mars's'diameter, 5150 3 Jupiter's, 
94,100 3 and Saturn's e 7 ge 
Engliſh miles. 
The moon's Silence. 3 * Fears. 
center is 2.40;000- Engliſh miles, her dia- 
meter is 2170 ſhe moves (with reſpect 
to the earth) 2290 miles in her orbit eve- 
ry hour; and ſhe goes round the earth, 
from change cas in 29 days, 1a 
hours, 44 minutes. 
Jupiter has four moons, going E 
him in different times and at different diſ- 
tances. His firſt, or neareſt moon, goes 
round him in 1 day, 18 hours, 36 mi- 
nutes ; the ſecond, in 3 days, 13 hours, 
15 minutes; the third, in 7 daye, 3 


fartheſt moon from him, in AG af u 
hours, 30 minutes. NN 
Saturn has five moone, ihe nearelt. y | 


which goes round him in 1 Hay, 21 hours, 


E 3 19 
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19 minutes; the ſecond, in 2 days, 17 
hours, 40 minutes; the third, in 4 days, 
12 hours, 25 minutes; the fourth, in 
15 days, 22 hours, 41 minutes; and the 
fifth, or outermoſt, in 7 9 days, 7 hours, 
48 minutes. This planet is encompaſſed 
by a broad thin ring, ſet edge - ways round 
it, and the diſtance of the ring from the 
planet is equal to the breadth of the ring, 
The ſan ſhines for almoſt 15 of our years 
together on the northern ſide of the ring, 
then goes off, and ſhines as long on the 
ſouthern fide of it: ſo there is but one 
day and one night on each ſide of the ring, 
in the time of Saturn's whole, revolution 
about the ſun, which takes 3 30 
of our years. 501 

E. A long day and night indeed, fot 
the inhabitants of he ring, if any fech 
there be. Undoubtedly, if it is inbabit- 
ed, it muſt be by beings” very different 
from us; as we have no reaſon to believe, 
but that the Deity” has avcomodated their 
days and nights. us well for them as he 
has ours for us. But you ted me, chat 
the other planets turn round their axes, 
as our earth does: do they all curn round 
b . ö the 


f 
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the ſun and ſtars appear to go round welt 
ward; and in n ENS 
round? bono 
N By viewing tha with good tcleſe | 
copes, we ſee ſpots upon moſt of them, 
which adhere to their ſurfaces} and ap- 
pear and diſappear regularly on their op- 
poſite ſides. By the motions of theſe 
ſpots, which are all eaſtward, we know 
that Venus turns round her axis in 24 
days, 8 hours, of our time; by which 
divide 225 of our days, the time in which 
Venus goes round the fun, or the length 
of her year; and we ſhall find, chat her 
year contains only 95 of her days. Mart 
turns round in 24 hours, 40 minutes of 
our time; and Jupiter in 9 hours; 46 mi- 
nutes. We cannot tell in what times 
becauſe no ſpots have been ſeen upon them, 
even by the beſt teleſeopes.· The ſun turns 
round his axis in 25 days, 6 hours, from 
Weſt to Eaſt, alſo. mE 
E. Why ſhould the ſun turn round 
for, as he is the fountain of light, he can 
have no days and nights. 


* 


N. To- 
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N. To turn away his dark ſpots from 
long facing the planets, and thereby to 
diſpenſe his light the more equally alt 
around him to the planets. But, are 
you not tired by this mornin g's Iv 8 con- 
verſation?? : "0 
E. Far from it, brother; ind 1 am 
ſure you may. But what ſhall I do? for 
I fear I cannot remember much of what 
you have told me this morning,” fo as to 
— it dow. * 1211 
N. Never mind dai Eudgfla ; for 1 105 
Howe: 1 ſhall publiſh theſe our converſa- 
tions, for the ſake of other young ladies; 
many of whom are, no doubt, willing to 
learn Aſtronomy, but have no body to 
teach them. And then you can wa —_ 
e e in print. 0 
E. If you do, Sir, dead aft pon 
your not mentioning my name. 
N Your defire ſhall be complied while! | 


and in . nn 3 


5 
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DIALOGUE Wm. 


On GRAVITY and LIGHT, 120 


Neander. 


8⁰. ſiſter; b eee 
ſlip the morning opportunity, When 
we can be undiſturbed, and by ourſelves. 
Have you made any remarks * our 
laſt converſation k 

Eudefia, Yes, Moin the firſt place; 
I remember you told me, that the planet 
Mercury moves 109,699 miles every hour 
in its orbit, and Saturn only about 2 a, ooo. 
I obſerved likewiſe, that the further the 
planets are from the ſun, they not only | 
take longer times to go round him, but 
alſo move ſlower in every part of their reſ- 


pective bn —_— _ ere | 


ſon for this? 
N The 
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N. The nearer that any planet is to the 
ſun, the more ſtrongly it is attracted by 
the ſan; the farther any planet is from 
the ſun, the leſs is the force of the ſun's 
attraction upon it. And, therefore, thoſe 
planets which” are the nearer to the ſun 
muſt move the faſter in their orbits, . in 
order thereby to acquire centrifugal forces 
equal to the power of the ſun's attraction: 
and thoſe which are the farther from the 
ſun muſt move the ſlower, in order that 
they may not have too great a degree of 
centrifugal force, for the weaker attraction 
Wee, 86795 eee 50100 

. Then I underſtand, that the fug' 8 
3 at each particular planet, 1s 
equal to the centrifugal force of each 
planet; and, by chat means, the planets 
are all retained in their n a 
Is is not ſoꝛ my 

N. Accurately ſo. | | 
E. Then, as the power of the — is 
manifeſt, in having ſet off ſuch large bo- 
dies as the planets are, with ſuch amaz- 
ing degrees of velocity; ſo his great wiſ- 
dom is conſpicuous, in having ſo exactly 
me uſted their velocities, and, anden 
Ya 


[i * 


Lavy's ASTRONOMY, - 


ly, their centrifugal forces, to the diffe- 
rent degrees of the ſun's attraction at the 

' diſtances the planets are from him. Here 
is a wonderful balance indeed! Can there 

be an atheiſt .I am ſure no man could be 

ſo, after hearing fach Og as 1 have 

told me of. 

N. "Tis faid there ate athedlls'; but thiy 
muſt all be ſtupid fools. -.-The Almighty 
has laid the great book of nature open to 
our view; ſo that, every one that runs 
may read. Suppoſing matter had exiſted 
from eternity, (which, by the bye, is too 
great a compliment to be paid to matter) 
I imagine, the greateſt atheift in the world 
could hardly bring himfelf to believe, that 
ſtones could have hewed themſelves, bricks 
made themſelves, trees ſhaped themſelves 
into beams and boards, and mortar made 
itſelf j and then, all theſe materials have 
jumbled themſelves together, ſo as to build 
a houſe. And what is a houſe in compa: - 
riſon to a planetary fyſtem; or the III 
required to build it, when compared with 
the organization of any infe&t?- ©, 

E. Nothing at en! en dn 


| kad you jv decke. Dad 
* 
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power of the ſun's attraftion, decreaſe in 
proportion as the diſtance from bim in- 
creaſes ? . aki 
N. No: his 8 force diminifice 
in proportion as the ſquares of the diſtan- 
ces (that is, as the diſtances multiplied by 
themſelves) from him increaſe; 80 that, 


-at twice the diſtance from the ſun's center, 


his attractive force is four times leſs z at 
thrice the diſtance, it is three times three 
times, or nine times leſs; at four times 
the diſtance, the attraction is four times 


four times, or ſixteen times leſs; and ſo 


| on.—And this we find, from the compa» 
rative diſtances of the _ planets from the 
ſun, and their different, velocities in their 


orbits: beſides, I have often ſeen this ex- 
perimentally confirmed by a machine cal- 


led The whirling-table. © +: 
E. If I underſtand this; A 4 


diſtance of the ſecond from the ſun is twice 
as great as the diſtance of the ſirſt; the 
diftance of the third, three times as great; 
and the diſtance. of the fourth, four times 
as great as the, diſtance of the firſt : the 


teenth 


are four planets ſo. placed, as that the | 


fourth will be attracted only with a fix- 


mo 
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teenth part of the force wherewith the firſt 


is attracted ; - the third only with a ninth 
part of the force; and. the ſecond with 
only a fourth part of the N l. that . 
the firſt. 5 ALS Ad 
N. Exactly fo, 33 
E. I ſhould be glad to know the rea- 
ſon why the ſun's attraction decreaſes in 


proportion to the ſquares of the diſtances 


from him. Why do you ſhake your 
beag fc; + 

N. Becauſe you aſk; me a quettich which 
Sir I8aac Ngw.ToN. himſelf could not 
ſolve ; although he was the OED *. 
loſophers. 

E. Bur can you give me no ide ar all 
of it? 


N. I could; and a very plain one ho | 


if the attractive force (the effect of which 


we call gravity) acted only according 1 


the ſurface of the attracted body. : 
E. Your if implies that it does not: bo 


if it did, why ſhould it -decreaſe in that 
proportion? rr 


N. 1 have drawn a PO for your in- 
ſpection (PLATE II. Fig. 1 .) which indeed 


is for a quite different purpoſe : but it 


2 | 0 would 
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would exactly ſolve your queſtion, if gra - 
vity acted as all mechanical cauſes do 4 
only on the ſurfaces of bodies. | | 
Let S be the center of the ſun; and 54 | 
Se, Sf, Sg, be, as it were, lines of at- 
tractive force, drawing the three ſquare 
plates 4, B, and C, toward 8. Theſe lines 
touch only the four corners of the plates; 
but we may ſuppoſe the whole ſpace with- 
in them to be full of ſuch attractive lines, 
laying hold of all the parts, or points (if 
you will) of the ſurface of each plate: and. 
every particle of matter in each plate re- 
 quiring an equal degree of power to draw 
it equally faſt toward the ſun. 
Nou, iet the plate B be twice as far from 
the ſun's center as the plate A is; the 
plate C three times as far, and the attrac- 
tive forces equal on each plate, as if the 
above mentioned four lines Sd, Se, S f, 
and Sg, were four cords, equally ſtretch- 
ed, and pulling all the plates with equal 
forces toward &. —But, the plate B being 
twice as long, and twice as broad as the 
plate 4, it is plain, by the figure, that H 
contains four times as much ſurface as 4 
does, and four times as great 8 
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of matter, ſuppoſing it as thick 28 4 x and 
the plate C, being three times as broad 


and three times as long as A. contains 


nine times as much ſurface and matter as 


A does, ſuppoſing it of an equal thick- 
neſs with A, 


Suppoſe now, chae the 3 


lines of attraction, between the four corner 


lines, are ſo cloſe together, as that they 


lay hold of every point of the furface- of 8 
A, and draw it toward & with all their 


force: it is plain, that they can only lay 
hold of every fourth point of the ſurface 


of B, and of every ninth point of the ſur- 


face of C; ſo that, the plate B will Want 
three fourth parts of the attraction chat 


would be ſufficient to draw it toward & a 
faſt as the plate A is drawn; and C will 


want eight ninth parts of che attraction 


as faſt as A moves toward S8. 


E. I ſee this very well: but, if gw. 
ty acts not according to the quantity of. 


ſurface, pray how do thit act 


that would be ſufficient to make it move 


N. Exactly in. proportion. 49. the. n 


contents of bodies ; that 18, to the quan- 
tities of matter they contain. For, u 


4 


| 
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know, that if you would take the plate 
Cas it is, and weigh it in a balance; 
then take it out, and cut it in the lines 
drawn on its ſurface, by which means you 


would divide it into nine ſquare pieces: if 


you then lay them above one another in 

the ſcale, they will be juſt as heavy as 
they were before, when they lay at each 
other's edges, all in one piece, in the 
ſcale. Or, if you ſuppoſe them to be ſo 
cut, and then joined together at each 


other's backs, and put them at the diſtance 
Sc from the ſun, as before; they will 


have only a ninth part of the ſurface to- 


ward the ſun as before: and yet, the ſun's 
attractive force 'on them will be juſt the 
ſame. | | . 


E. Then, it ſeems, there is no way of 


accounting for the manner in which gra- 


vity acts, but by reſolving it into the will 
of the Deity; ſeeing that the quantiiy 


of ſurface has nothing to do in the caſe. 
N. Indeed there is not. And, there- 
fore, when I henceforth ſpeak of gravity, 


I would have you always underſtand, that 
- I do not thereby mean 'a Cauſe, but the 
ect of a cauſe, which we do not compre- 


hend. 


I 


* 
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bend. Beſides,” you know, chat if gra: 
vity acted according to the ſurfaces, or 


bulks of bodies, à cork would be as 


heavy as a — of lead of the fame bulk 
as the cork. TS fre Ot 

E. Very e Ju as you told me 
that the figure we have been looking at, 
was not intended to ſhew how gravity 
acts; may I enquire vrhat you intend to 
teach me by wt as. NINE 
for me? 

N. It is to a that the light of the 
ſun, or of any other luminous body 


creaſes. The rays of the ſun's light go 


out in ſtraight lines from all points of 


the ſun's ſurface: and, conſequently, the 
farther they- go off from the ſun; the 
more they ſpread ; and ſo they cover the 


more of the ſurfaces of bodies at he | 


greater diſtances. | © \ 


E. How is it known that light moves 


decreaſes in proportion as the ſquare of 
the diſtance from the luminous body in- 


n lines? © 5 0577 NS 


N. Becauſe, if we e to look 
at = ſun, or at a candle, through the: 
8 . Y S bore 


"> 
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bore of a bended pipe, we cannot ſee ity 
but through a ftraight pipe we can. 
E: Enough, Brother ;. woe now io 


explain the figure. 
N. Let S be the ſun's center, and 34 | 


Se, Sf, Sg, be four rays of light, go- 
ing out from the ſun's ſurface in ſtraight 
lines (in the ſame direction as if they 
proceeded from his center), and ſuppoſe 
the ſpace within theſe rays to be filled 
with others. Take the diſtances 8 
SB, SC, from the ſun's center, fo as 
B. ſhall be twice as great as 8.4, and 
8 thrice as great. Then, at the diſ- | 
tance S A place the little ſquare plate 4, 
on which all the rays will, fall that fill 
the above-mentioned ſpace at 4. At the 


diſtance SB, place the ſquare plate B 


which being twiee as long and twice as 
broad as the plate 4, it contains four 
times as much furface. as A does: and 
if A be taken away, all the light that 
fell upon it, will fall upon, and cover 
the whole furface of B; which being 
four times as large in furface as A is, 
and having only as much light upon it 
ug” | _— as 
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as A had, every point of the ſurface of 
B can have no more than a fourth part 
of the light that fell upon-every point of 
the ſurface of 4. And, laſtly, at three 


times the diſtahce S 4, place the fquare 


plate C; which being three times as Jong 
and three times as broad as the plate 4, 
it contains nine times as great a ſur- 
face: and then, if B be taken out of 
the way, fo as to let all the light that 
fell upon it go on to the plate C, the. 
light will juſt cover the ſurface of that 
plate; which being nine times as large 
as the ſurface of 4, and having no more 
light upon it than A had, tis plain, that 
the light upon every point of C is but 
a ninth part ſo ſtrong and vivid as it 
was upon every point of A. 18 
E. Nothing can be plainer than this: 
and it follows of courſe, that at four 
times the diſtance of A from the ſun, 
his light is fixreen times weaker than at 
A; at five times the diſtance, it is twen- 
_ ty-five times} weaker; and ſo on, 1 
thank you for making this ſo plan. 
7 Tx. N. Indeed 
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N. Indeed I deſerve none of your thanks 


for it. I copied the figure from Doctor 
Smith's Optics. That worthy gentleman 
was my good old maſter; and he is 
maſter of Tony Coogan in Cam- 
bridge. 


tances of all the planets from the ſun 
are known, I make no doubt but you 


can tell me, what the comparative quan- 


tities of the ſun's light on all the planets 
N. Very eaſily.----The ſun's light is 


ſeven times as great on Mercury as on the 


Earth; about twice as great at Venus; at 


Mars, it is not half ſo great, or ſtrong, 


as we have it on the Earth; at jupiter, 


only a twenty- eighth part ſo ſtrong as at 


the Earth; and at Saturn, is but about 


a ninetieth part ſo ſtrong as with us. 


E. Seeing as, the comparative dic 


* 


E. Then, I ſhould be almoſt tempted 


10 think,. but I cannot----will not in- 


dulge ſuch a thought as that the Deity 
is partial: for I cannot imagine the in- 


habitants of our Earth to be better than 


. thoſe of the other planets. On the con- 
trary, 


, 
- 
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trary, I would fain hope they have not 
aced ſo abſurdly with —_— to dim, 
as we have done. 

N. Tell me freely what abs hence 
was that aroſe in your mind, which 
you are ſo willing to ſuppreſs.— Ihe 
Deity is no other way a reſpecter of per - 
ſons than that of properly diſtinguiſhing 
between the good and the bad; and ſo 
rewarding the one, and . the 
other accordingiiy.. 
E. It ſeemed to me, chat ihe inhabi. 
tants of the neareſt planets to the ſun 
muſt be blinded. by too much light; 
and that thoſe of the fartheſt planets 
from the ſun muſt be puniſhed all their. 
lives, with {ſo weak a light, as can be 
called little better than darkneſs. We 
could not bear ſeven times as much light 
as we have from the ſun; nor be able 
to do our work with only a Wen 


part of the light we have. 


N. Your reflection, ſiſter, is very na. 
tural. But, after aſking you two or 
"_ plain queſtions, I believe I ſhall be, 

| F = * | able: 
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ha gr por ſmisfadtion on that 
head. 
E. pray aſk them, and 1 will ane 
them if I can. 
N Afier you * nn a while on 
in the ſnowy ſtreet, can you ſee as well 
do work with your needle immediately 
| on coming into your room, as yu did 
before you went our? 
fl EV NO. has 012 2123: 4 Gt 5 N 
N. Can you bear bab endenden 
of the ſun's light from the ſnow, juſt 
as well when you go out into the ſtreet; 
a8 une ee been walking half un 
hour in it? 9 eee eee, 
n No. | nul Ae 
NM. Can you give ach A e 
his as would fatisfy a philoſdpher? For 
you know that the fnow reflects no 
N tefs light for you having beem a while 
W walking in it; nor is-+yGur” wom u 
| bir the darker for you Are N o 


of it. R 0 | 
y . 1 with 1 could, but indeed 1 en 
oy KY i ; | lg 241.03 


N. Then : 
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N. Then I will tell you. Our eyes 
are made ſo, that their pupils (which let 
in the light, whereby we fee objects) 
dilate when the light is weak, that they 
may take in the more of it; and con- 
tract when the light is ſtrong, that they 
may admit the fewer of its rays.· Whilſt 
you are in your room, the pupils of your 
eyes are dilated; and for that reaſon, 
when you go out, they take in too 
much of the light reflected from the 
ſnow, which you find is hurtful. But 
they ſoon contract ſo, as to admit no 


more of that ſtrong light than you can 


eaſily bear. And then, when you come 
into your room, with the pupils of your 
eyes contracted; the room, being not fo 
light as the ſtreet, appears darker to you 
than it did before you Went out: but, 


in a ſhort time, the pupils dilate again; 


„ 
of light for you to work by. N 


Now, foppolng all the other- planets 
to be inhabited by. ſach beings as' we 


are, (though, for reaſons I ſhall men- 
tion afterwards, we cannot believe hex 


F are) 
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are), if the pupils of their eyes who 
live on the planet Mercury are ſeven 
times as ſmall as ours are, the light will 
appear no ſtronger to them there than it 
doth to us here. And if the pupils of 
their eyes who live on Saturn are ninety 
times as large as ours, (which they will 
be, if they are nine times and an half 
as large i in diameter as ours ; and which 
will appear to be no deformity where all 
are alike, and other ſorts have never been 
ſeen) the light there will be of the ſame 
ſtrength as it is to our eyes here. Pray, 
Eudofia, how many full moons, do you 
think, would there need to be placed in 
a clear fky, to afford us moon - light equal 
to common day-light, when the ſun doth 
not ſhine out, and all our e re- 
flection from the clouds? 

E. Indeed I cannot tell ---but am apt 
to think, that ſixty, or an hundred, at 
moſt, would do. For, when the full 
moon is not clouded, ſhe ſhines ſo clear, 

that I can read by her light. 01 
N. Sixty, or an hundred wol aſſure 
vou, that you are greatly miſtaken : for 


= = > WF. 20 WW oY WW”. 
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then as ſhe is in the night; only the 
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it would require ninety thouſand ; and 
that number would fill the eee our 


viſible ſky. g 

E. — mel)! ee 80 
will not deceive me. Pray, how can 
you find any method of comparing moon - 
light with day- light, ſo as to aſcertain 
the great: — W the dane 
ties thereof? 13 

N. Have you . obſerved den moon 
pretty high up in the morning. after 
the ſun was riſen, when the moon was 
about three quarters old??? 

E. Yes, brother: and when I dake 
ſeen her, as it were, among whitiſh 
clouds, ſhe appeared much of the ſame 


colour as they did; very dim in compa- 
riſon with what ſhe appears in the night. 


N. And yet, ſhe was juſt as bright 


ſuperior light of the day made her ſeem 
ſo much otherwiſe. Like a candle, 
which appears very 


" and a pill a very dim, al- 
| though 


brigbt i in the night- 
time; but ſet it in the ſtreet in days | 


— — 


U 
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though its ane . is ain be 
ſame. 

E. I think 1 could almoſt tell wht 
you are to infer from all this; but will 
not ſpeak, left I ſhould be miſtaken 
again; , —— 1. beg n 
N Wnen che aa eb bee 
all the light we have is by reflection from 
them. The moon reflects the ſun's light 
in the night-time; as the clouds do in 
the day: and as ſhe can reflect no more 
light in the day than a ſmall bit of a 
whitiſh cloud does, that covers as much 
of the ſky as the moon covers ; the can 
reflect no more in the night And as 
the full moon fills only a ninety thou - 
ſandth part of the ſky, her light is no 
more than equal to a ninery-thouſandth 
part of common day-light. Now, as 

the light of the ſun at Saturn is equal 
to a ninetieth part of his light at the 
earth, and common day-light at - the 
earth is 90,000 times as great as Moons 
light; divide 90,000 by 90, and che 
quotient will be 1000; which ſhews, 
that 
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that the ſun's light at Saturn is 1000 
times as great as the Highs of - en 
moon is to us. FOR, SITE 
0 | (2 2644 23 , 
* n v agb. Py ata 

E. Becauſe there is not an — | 
for ladies as well as for gentlemen. Why, 
Neander, ſhould our ſex be kept in total 
ignorance of any ſcience, which would 
make us as much eee 
as it would make us wiſer? - ?- 

N. You are far from being angebe 
in this reſpect. I have the pleaſure of 
being acquainted with many ladies who 
think as you do. But if fathers would 
do juſtice to their daughters, brothers io 
their ſiſters, and huſbands to their wives, 
there would be no occafion for an uni- 
verſity for the ladies; dbecauſe, if thoſe 
might find others who could. And the 
conſequence would be, that the ladies 
would have à rational way of ſpending 
their time at home, and would have no 
W GIN expentive 

6 Þ ways 
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ways of murdering it, by going abroad | 


to card tables, balls, and plays: and 
then, how much better wives, mothers, 


and miſtreſſes they would be, is obvious 
to the common ſenſe of mankind. The 


misfortune is, there are but few men 


who know theſe things; and where that 
they think the ladies have 


is the caſe, 
no buſineſs with them; and very abſurd- 
1y imagine, becauſe they. know nothing 
of ſcience themſelves, that it is beyond 
the reach of women's capacities. 

E. But, is there no danger of our 


ſex's becoming too vain and proud, if 
they underſtood- theſe _—_ as wall as 


you do? 


N. I am ſurpriſed. to hear you talk. 


fo oddly.---Have. you forgot what you; 


told me two days ago; namely, that if 


you had been proud before, the know - 
ledge of Aſtronomy, you believed, . | 


make you bumble? 


E. Lou have caught me napping, as, 


the ſaying. is but I will not take up 
more of your time at preſent with di- 


greſſions. I remember, this morning. 
r 7 to 


$ 


the ſame part of the heavens. ' 
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to have heard you mention the light's 
going from one Place to another, as if 
it took ſome time in moving through 
open ſpace. I know that ſound does 10; 
becauſe I have ſeen the flaſh of a diftanr 
cannon before I heard: the reg that i ir 
made. 

N. True, alter; andy did not fos 
the flaſh at the very inſtant when it was 
given; though you ſaw it S un | 
after. - 

E. And do you 1 wet what de 
gree of ſwiftneſs light moves? ' ' 
N. Yes; and you ſhall foon know 
too. The Earth's orbit lies far withih 
the orbit of Jupiter. 5 

E. Undoubtedly; becauſe Jupiter is 
much farther from the ſun alk the 


Earth 1s. 


N. Then you know, N di the | 
Earth 1s between Jupiter and the Sun, 
the Sun and Jupiter appear. oppoſite to 
each other in the heavens. And when 
the Sun is nearly between us and Jupt' 
ter, the Sun and Jupiter appear n in ; 


E. Undoubtedl y 


ſeen ſixteen. minutes ſooner when the 
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E. Undoubtedly they muſt, © 
VN. And therefore, when the Sun and 
Jupiter appear almoſt cloſe together, the 
Earth is almoſt the whole diameter of its. 
orbit farther from Jupiter, than when 
it and Jupiter appear PP Ne 
other in the heavens. 

E. Certainly. 
VN. The times when Jupiter's moons 
muſt be eclipſed in his ſhadow are eaſily 
calculated ; becauſe, by teleſcopic obſer- 
vations, the times in which they go 
round him are accurately known: and 
the apparent vaniſhing of theſe moons | 
in the ſhadow may be very well perceiv- 
ed through a teleſcope z or the inſtants - 
when they recover their light again; by 
the ſun's ſhining upon them, at their 
going out of the ſhadow. And it has 
been always obſerved, fince teleſcopes 
were invented, that theſe eclipſes are 


Earth is neareſt to Jupiter, than when 
it is fartheſt from him. So that, if there 
were two Earths moving round the ſun 
in the ſame wy and always keeping 


oppoſite 
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oppolite to each other; when one of them 


is at its leaſt diſtance from Jupiner, and 


the other at its greateſt, an obſerver on 
the neareſt would ſee the ſame eclipſe 
ſixteen minutes ſooner than an obſerver 
on the fartheſt would. 'Which ſhews; 
that light takes ſixteen minus to 
move through a ſpace equal to the widih 
or diameter of the carth-s orbit, which 
is 190 millions of miles. And, conſe · 
quently, it muſt take eight minutes of 
time in coming from the fan to the 
earth; as the ſun is nearly in the center 
of the earth's orbit: that is, at the half 
of 190 millions of miles, an. : 
of miles from the-earth.. oo 1 1 
E. I underſtand this; but a dffcuty 
* my mind. 8 
N. Only mention 40 and: I es 
m Kli 
E. The ag of rhe fs links dine 
directly from him to the Earth 3 but his 
rays from Jupiter's moons come to us 
only by reflection. Are yon ſure tha 


reflected light moves with the ſame v ; 


1 light does? | n N 
5 N. There 
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N There is no reaſon to believe but 
thin it does. And I imagine, I can very 
eaſily convince. you that it does ſo. 
If the particles of light did not fly off 
from the planets as faſt as they came 
upon. them, there would till be an a& 
cumulation of light upon them ; which 
would make them appear every night 
brighter and brighter; but, in reatity, 
they do not. And if the light flew off 


, faſter from the planets than it comes 


upon them, they would appear dimmer 
and dimmer every night; which is not 
at all the caſe. | 
E. But are all the rays which 40 aun 
darts on any planet reflected from it, and 
none of them loſt or abſerbed in the mat- 
ter of which the planet is compoſed? Or, 
if ſeme of them be abſorbed, will not this 
invalidate your argument? 

N. Not at all, if the abſorbed rays has 
a conſtant proportion to the whole num- 
ber of rays with which the planet is ſuc- 
ceſſively illuminated; and this muſt un- 
doubtedly be the caſe: for the ſame parts 
of the planet's ſurface which either re- 

flect, 


Lady's As TRNMOMT. L 8 


fle&; or abſorb the rays. that fall upon ; 
them this moment, will be equally; dig 

poſed to reflect or abſorb the rays that 
fall upon them in- the next and ſo the 
ſame proportion between the abſorbed and 
reflected rays, or between them and the 
whole quantity of light thrown on un 

planet, will be continually preſerved. | 

E. But what if ſome parts of the pla: 
net's ſurface be more hardened by 
drought, or ſoftened by wet, as on our 
earth; or be in any other reſpe& more 
diſpoſed, either to reflect, or abſorb the 
Sun's rays at ſome times than at others; 
would not this vary the e, you 
have mentioned? 

N. If we may judge of this Saen 
own globe, where the contrary quali- 
ties of drought and wet, hardneſs and 
ſoftneſs, ſmoothneſs and roughneſs of 
ſome parts of its ſurface, ſo far as they 
reſult from any alterations of weather, 
&c. if taken upon an average for a whole 
year, or other given time, and throu gh+ | 
out any half of the Earth's ſurface ;-they\ 
"i very nearly, if not exactly, balance 

G ech 
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| each other. The ſame may, be therefore 


ſuppoſed to hold good in the other pla- 
netary worlds; and ſo the proportion 
before n will not * n 
altered. 

E. You have quite removed my diffi 
culty, brother; and I thank you for 
having done it. But, as light comes 
from the Sun to the Earth in eight mi- 
nutes of time, its ſwiftneſs muſt be 
amazingly great. Let me try whether 
I can compute it: for you taught me 
not only the four common rules of arith- 


metic before you went to the univerſity, 


but even the rule of three, | The Suns 
diſtance from the Earth is 95 millions 
of miles, in round numbers; and light 


moves through that ſpace in 8 minutes 


of time; divide, therefore, 95,00 o, o 
by 8, and the quotient is 11,87 5,000," 
for the number of miles that light moves 


in a minute. Now, I 8 6 


you told me, a cannon-ball moves at 
the rate of 480 miles in an hour, which 
is 8 miles in a minute; I therefore di- 
vide 11,875, ooo by 8, and the quotient 

18 


| 
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is 1,4 84,37 5 ſo that light moves more 
than a million of times as 1 a 
cannon ball.—Amaxing indeed Y 

N. It is ſ0:---And now I. . 2 
you n EY 2 Wer as eln 
ing. 

E. What an that be: 4⁰ you mean 
the power of the Almighty?» 55 

N. Far from it: I only mean the in- 
conceivable — of 2 Pen 2 
light. Yeh 21 if 
71 22 And e ee Ma they | 
are ſo inconceivably ſmall ? ny 

N. The force with which a body 
ſtrikes any obſtacle, is directly in pro- 
portion to the quantity of matter in 
the body, multiplied by the velocity 
with which it moves.” And, conſe- 
-quently; as the velocity of light is, in 
round numbers, 2 million of times as 
great as the velocity of a cannon - bullet; 
if a million of the particles of light were 
but as big as a common grain of ſand, 
we could no more Keep our eyes open 
to _ the impulſe of light, than we 

non eG £ % could 
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could to have ſand ſhot point blank 
againſt them from a great cannon, _ ' 

Another way of proving that the par- 
ticles of light are ſo. ſmall as to exceed 
all human comprehenſion, is this: Let 
a lighted candle be ſet on the top of 'a 
ſpire ſteeple, in the night-time,. and 
there will be a very large ſpherical ſpace 
filled with the light of the candle before 
a grain of the tallow be conſumed; and 
as that grain of tallow is divided into 
ſo many particles, as fill all the ſpace in 
which the light is diffuſed, , can you 
poſſibly imagine how ſmall the parti- | 
cles are into which it is ſo divided? -. 

E. wp eds ra u ere idea mY 
of. 

N. A very ** computift has found, 
that the particles of blood of thoſe ani- 
mals which can only be ſeen by means 

of a microſcope, are as much ſmaller 
than a globe whoſe diameter is only 'a 
| tenth part of an inch, as that ſmall 
globe is leſs than the whole earth. And 
yer, that their particles of blood are like 
| 8 mountains 
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mountains to a grain of ſand, when 
compared with the particles of light. 


Z. I am glad to bear our breakfaſt- 


bell — for, if I ſhould hear more of 
theſe ſubjects at preſent, I know not but 
that I ſhould, for ſome E loſe N 
power of thinking. 

N. I had juſt done with the ſubject 
of light; but am ſorry to hear that you 
muſt go from home, for a few days, on 
a viſit,” However, during your abſence, 
I intend to draw out two or three figures, 
in order to deſcribe the late. tranſit of 
Venus to you by them; and give you 
ſome idea of the method by which the 
diſtances of the planets from the Sun 
were found, by Ablerratigns made 
that rant. n 

E. [ am, very much abliged to vou, 
Sir, for the trouble you have, taken, and 
are 30 take;fyrther, an my, account: and 
ſhall return as ſoon, as poſſible.---You 


know 1 could, not refuſe Miſs | \Goagall's | 
invitation. 815 410 4 3* 04 4$3&ea 21119 Dr 14 
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FAR siſter, 1 am wry" gat o NU 
you again: I ſuppoſe you found 
Mr. aßd Mrs. Geadah, and their daugh- 
10 be very agreeable compaf . 330 

" Fudsfti' Quite ſo, and 'F have Hang 
8 days very happily with them. 


as 
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VN. It was very obliging in Mr. — 

and Miſs Sply to ſee you ſafe home: 

E. They would do it, for all that 1 

coutd- ſay; even though I told them, 
13 
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that the ſervant -who was ſent for me 
was very careful. eg 
N. Mr. Goodall and 1 ſpent an owt 


together. laſt night: and though he was 
full of his praiſes of your! good ſenſ 


he did not ſay one word about our altri 


nomical converſations ; by which, I im: 


gine, you ſpoke nothing about. theꝶ 
that family. Tet I am far from 
ing. bar it would have boen wee 
able if you hau. 


E. Truly, brother, i6.bhad;/ you ninth: 
bave heard of it: and then I ſhould: not 


have wondered if you had ſaid that 1 
am not over - ſtocked with. good ſenſe. 1 
begin to ſpeak of them; and even then 
not to ſpeak; unleſs 1 
thoſe to whom I think thy 
be emertaining. Lou 


' ſubject. will 
me. the 


morning I went away that dug ment | 


converſation ſhould be an the tnt of 


Venus; and how the diſtances of he 
Er cor n | 


n 9 1180 b 36 $f 
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N. And to ſhew you that I have not 
forgot my promiſe, here are the figures 

which I told you I would draw out for 
that purpoſe. [See PLATE II. Hg. 21 
and 3. and PLATE III. Fig. 1J But, in 
theſe: delineations, we muſt often ſacri- 
fice: one truth to explain another: and 
in be preſent caſe it is unavoidable; 
Fon if we were to make the bulks of 
the planets in our figure no greater than 
they are in proportion to their diſtances 
from the Sun, the planets would be mere 
points; and a large ſheet of paper would 
be too ſmall for the lengths of the lines 
of diſtances. ,, So that, in order to make 
the preſent ſubject plain, we muſt en⸗ 
large the planets, and contract their diſ- 
tances from the Sun; otherwiſe, we could 
not, at preſent, render the effects intel- 
ligible which ariſe from rd hs | 
Pan motions... | 
E. Very well, brother: pleaſe oro g 
cCeed. 
| N. The "II the ne b 
more than a point in compariſon of its 
diſtance from the Sun; and therefore, if 

the 
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the Sun were viewed, at the ſame inftant, 
by two obſervers on oppoſite fides of the 
Earth, his center would appear to both 
of them to be in the ſame point of the 
heavens. But, when Venus is between 
the Earth and the Sun, (as ſhe was at 
the time of her late tranſit) her diſtance 
from the Earth is between three and four 
times leſs than the Sun's diſtance from 
the Earth. And therefore, if Venus be 
then viewed by two obſervers on the 
Earth, who are at a great diſtance from 
one another, ſhe will appear to each of 
them, at the ſame inſtant, to be on dif- 
ferent parts of the Sun's ſurface Thus, 
in Fig. 2. of PLATE II. let & be the Sun, 
Venus, and AB DE the Earth. Let 
one obſerver be at A, another at B, and 
a third at D; all looking at Venus at 

the ſame moment of abſolute time. To 

the obſerver at 4, Venus (/) will appear 

upon the Sun at E, as ſhe is ſeen in the | 
right line 4/7 F, to the obſerver at ) 
ſhe will appear upon the 8un at G, being 
ſeen by him in the right line BY G- and 

o . obſerver at D, Venus will appear 


upon 


3o that, if one obſerver ſhould be placed 


© a & 6 — ; 21 1 
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upon the Sun at H, becauſe be fees the 
planet in the right line DV H. Or, if 
you will ſuppoſe Venus to be at reſt at 2. 
during the time that the obſerver at 4 
is carried, by the Earth's motion on its 
axis, from 4 to D, through the arc 4B D, 
tis plain, that, to this abſerver, the pla- 
net V will appear to have moved on the 
gun from. aca —— . 
FO: 4 1 

Let us + now ſuppoſe, has he Fark: 
abde (Fig. 3.) is nearer the Sun s'than . 
as repreſented in Hg. 2. in which caſe, 
Venus v will be proportionably nearer 
the Earth; and the arc 2 0 d, through | 
_ which the obſerver is carried, will bear 
a greater proportion to the diſtance of 
venus v from the Earth, in Fig. 3. than 
the ſame are 4 BD (in Big. 2.) bears to 
the diſtance of Venus from the Earth. 


at a, another at ö, and a third at c, the 
obſerver vat 4 would ſee Venus on the 
Sun at 7, the obſerver at þ would ſee her 


I 
© ſame 


4 


on the Sun at g, and the (obſerver. at d& 


% 
* | LS 

4 1 i as a) 1 "7 21 is l Fl 
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ſame inſtant of time. Or, if venus 
kept at reſt at v, whilſt the obſerver at 
2 was carried from 4 to d by the Earth's 
motion; Venus would, in that time, 
appear to him to have moved from f to 
þ on the Sun. But the ſpace Jg 5," in 
Fig. 3. is longer than the fpate FG H 
in Hg. 2. and therefore, che nearer the 
Earth is to the Sun, the greater will the 
ſpace be through vrhich Venus appears 
to move upon the Sun, by the -obſer- 
ver's real motion along with the Earth, 
in any given time; and che farther the 
Earth is fromthe Sun, the leſs will the 
ſpace be through which Venus appears 
to move upon the Sun, by the obſerver's 
real motion, in the ſame time 

And, confequenely, as Venus is really 
moving on in ber orbit, in the direction 
of TVR, (in Fg, 2.) or fv w (in Hg. 2 
whilſt the obſerver is carried 
Farth's motion on its axis from wether 


or from u „ 10 d de plain, chat t Venubß 


will appear to 


if the Fatth's diſtance from the Sun de 
27 * N. 3% than * * 
be 
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be BVS, (as in Fig. 2.) 80 that, the 
whole duration of ber tranſit over the 
Sun muſt be ſhorter, if the Earth's dif. 
tance from the Sun be only b » 5, than if 
it be greater, as B S., Do you. under- 
ſand this, Eudgſs ?: 

„I chink it is ſo plain, chat any 
body might underſtand it. | 
N. Then, we bave done with theſe 
figures, and ſhall proceed to Ng. 1. of 
PLATE III. in which, let ab c da be the 
Earth, Venus, and & the Sun. The 
Earth turns eaſtward on. its axis, in the 
direction abc d; and Venus moves in 
her orbit in the direction x .. 

Now, ſuppoſe the Earih to be tranſ- 
parent like glaſs, and chat you were 
placed at its center C, and kept looking 
at the Sun 5, during the time in which 
Venus moves in her orbit from F to f, 
through the ſpace FG Ver: in this caſe, | 
the Earth's motion on its axis could have 
no effect on your poſition, becauſe it. 
could not . carry you any way from C. 
Then, when Venus was at F in her or- 
bit, ſhe would appear to you as at K, 

juſt 
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juſt within the Sun's ſurface, touching 
his eaſtern edge at K; that is, ar her 
firſt internal contact with the Sun's 
eaſtern edge. As ſhe moves on, from 
F to f in her orbit, ſhe would appear to 
you to move on the Sun, from K to L, 
in the line K K L, which is called the line 
of ber tranſit over the Sun. And when ſhe 
was at F in her orbit, ſhe would appear 
at L on the Sun, juſt beginning to leave 
bis weſtern edge, or at her laſt internal 
contact with the Sun. Now, pleaſe to 
remember, that if Venus could be ſeen 
from the Earth's center C, ſhe would 
move from F to F in her orbit, in the 
time that ſhe would appear to move from 
K to L on the Sun; or from her firſt i. 
ternal contact to her laſt. 

E. A bare inſpection of the Shure 
ſhews it : for, when Venus is at F in her 
orbit, ſhe would appear juſt within the 
Sun at K; becauſe then, as viewed from 
the Earth's center C, ſhe would be ſeen 
in the ſtraight line CF K; and when ſhe 
came to f in her orbit, ſhe would ſeem _ 
juſt beginning to leave the Sun at E. 

becauſe 
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becauſe the would be fern in de fraight 
ee - | 

V. Very well. No u en 
e an nene ib Punt un n Hans 
ſurface at a; and that he is carried from 
4 to 6, by the Earth's motion on its axis, 
eee ee eee eee 
bit from F to f. 

Wen Venus is at E. peer at K 
n as ſeen from the Earth's ten- 
ter C; but to che obſerver at a ſhe will 

not appear to be then entered upon the 
Sun; becauſe (if ſhe were then viſible in 
the ſky) ſhe would be ſeen in the line 
AFH, eaſtward from the Sun; and muſt 
move on from F to G in her orbit, be- 
fore the obſerver at à can ſee her on the 
Sun at K, in the right line a@ K. 80 


dhat her tranſit will begin as much later 


to the obſerver at a, than it does to the 
obſerver at C, neee e 
F to G in her orbit. 
When Venus comes of in ber bebt, 
the obſerver will be carried by the Earth's 
motion almoſt from ac; and then he 
* ſee her in the line * juſt begin- 
ning 
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ning to leave the Sun at L but ſhe muſt 
move on from g to f in her orbit, be- 
fore ſhe begins to leave the Sun at L., a2 
ſeen from the Earth's center C, in abe 
right (or flraight) line Cf L; and then, 
to the obſerver at b, ſhe will appear quite 
clear of the Sun to the Weſt, in the line 
Bf I. So chat the whole duration of 
the tranſit from K to L on the Sun, will 
be ſhorter, as ſeen by the obſerver in 
motion from à to c, than as ſeen by the 
(ſuppoſed) obſerver at. reſt at the Earth's, 
center C. For, to che former, ſhe will «. 
move only from G to ę in her orbit, dur- | 
ing the time ſhe appears to move from 
K to Lon the Sun: whereas, to the 
latter, ſhe muſt move from F to f in her 
orbit, in mee appeas:to-paſh ee 
the Sun from K to L. M068 þ 
The nearer the Kah in whe ban, g 
greater will the difference of the dura · 
tions of the tranſit be, from K 0 L ow 
the Sun, as ſeen from the Earth's ſurfacs 3 
and from its center: and the farther the 
ä Earth is from the Sun, the leſs will che 


difference- berween the durations of he 
; | mn 
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tranſit be, as ſeen from the Earth's ſurface 
and from its 'center, accordingly. 2468 
E. Certainly ſo, by what you 
told me in your explanation of the 
cont and chird figures of the ſecond Plate. 
For, the nearer the Earth is to the Sun; 
the nearer alſo, in proportion, it muſt 
de to Venus; and the farther it is from 
the Sun, the farther alſo it muſt be from 
Venus. So that the ſpace through which 
the obſerver is carried by the Earth's mo ; 
tion, from a to b, (PLATE III. Fg. 1.) 
will bear a greater proportion to the diſ- 
tance of Venus from the Earth in the 
former caſe than in the latter: and ſo, 
will affect the times of durations of the 
tranſit, as ſeen from the Earth's center 
and from its ſurface, accordingly.---But 
I ſhould be glad to know, why you ſup- 
poſe an obſerver to be placed at the 
Earth's center, as it is a thing impoſſi- 
ble to be done: and if he was there, he 
could neither ſee the Sun/nor Venus. 
N. Becauſe the motions: of the-plariets 
' are calculated in the aſtronomical tables, 
as if ſeen by an obſerver at reſt. And, 
| as 
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as the apparent breadth. of the Sun is 
known, and the time of Venus's going 
round the Sun is alſo known; the time 
of her appearing- to move through a 
ſpace equal to the 8un's breadth, as ſeen 
by an obſerver at reſt, is eaſily calculat- 
ed, and is the ſame as would be obſerv- 
ed by a perſon placed at reſt at the cen- 
ter of the Earth. And then, at all kinds 
of diſtance of the Earth from the Sun, it 
is eaſy to calculate how much the dura- 
tion of the tranſit would be ſhortened by 
the motion of an obſerver on' the Earth's | 
ſurface, on the fide of the Earth next to 
Venus, and who is then moving in a 
contrary direction to the motion of Ve- 
nus in her orbit, than the duration of 
the tranfit would be to an obſerver at the 
Earth's center, or even on its ſurface if 
the Earth had no motion on its axis; in 
which caſe, the obſerver on the ſurface 
would be at reſt. But as that obſerver 
is really in motion with the Earth, when 
the duration of the tranſit is obſerved by 
him, and, conſequently, known how. 
much ſhorter it appeared to him, than 
N H "MY 
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it would have done if he had been at 
reſt ; the diſtance of the Earth from the 
Sun may thereby be found : which, /as 
I told you already, is thereupon com- 
puted to be 95,17 3,000 Engliſh miles. 
E. The diſtance of the Earth from the 
. Sun, in miles, being known ; . I ſhould 
be glad to know how you find the dif 
tances of all the other planets from the 
Sun. For we cannot ſend people from 
the Earth to thoſe FRO to n 
tranſits. 
VN. I told you already, in our + ſecond. 
dialogue, that the relative or compara- | 
tive diſtances of all the planets from the 
Sun are known long ago, both by the 
ſtated laws of nature, and by obſerva- 
tion; and that they are as follows. 
If we ſuppoſe the Earth's diftance from 
the Sun to be divided into 100, 0 
equal parts, (let theſe parts contain how 
many miles they will) Mercury's diftance 
from the Sun muſt be equal to 38,710 
of theſe parts; Venus's diſtance, 72,3333 
Mars's diſtance, 152,369 ; | Jupiter's, 
520,096; and Saturn's diſtance, 9 54,006. 
| Now, 
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Now, as the number of miles is in 
proportion to the number of parts, and 
the 100,000 parts by which the Earth i is 
diftant from the Sun, contain 95,17 3,000 
miles; we ſay, by the rule of three, 
as 100,000 parts are to 95,17 3,000 
miles; ſo are 38,7 10, Mercuty's diſtance 
from the Sun in parts, to 36,841, 468, 
his diſtance from the Sun in miles. 80 
are 72,333, Venus's diſtance from the 
Sun in parts, to 68,391,486, her diſ- 
tance from the Sun in miles. 80 like- 
wiſe are 152,369, Mars's diſtar ce from 
the Sun in parts, to 145,014,148, his 
diſtance from the Sun in miles. And 
ſo are 20,0 96, Jupiter's diſtance from 
the Sun in parts, to 494,990,970, his 
diſtance from the 8un in miles. And, 
laſtly, (carrying on the proportions) ſo 
are 954,006, Saturn's diſtance from the 
Sun in parts, to 907 6,1 30, his dif- 
tance from the Sun in miles, | 

E. I thank you, brother, for having 
explained the whole. of .this matter ſo 
much to my ſatisfaction. Bur I have' 
heard that the late tranſit was obſerved 

+ W's „„ 
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by people at very different parts of the 
Farth.---Pray did you find, that all the 
obſervations (as you got accounts of 
thom) agreed ſo well, as to give all the 
ſame concluſion ? | 

N. I cannot ſay they did, ſo nearly 
as we could wiſh; which might have 
been owing to two cauſes. Firſt, that 
the differences of longitude ' (as it is 
called) between many places where thoſe 
obſervations were made, are not yet 
well aſcertained: and, ſecondly, that all 
the obſervers did not uſe teleſcopes of 
an equal magnifying power, which they 
ſhould have agreed to do before-hand, 
And undoubtedly, they who uſed the 
higheſt magnifying teleſcopes, could 
more accurately determine the inſtants 
of Venus's two internal contacts with 
the Sun, than thoſe could who uſed 
ſmaller magnifying teleſcopes, But 'tis 
to be hoped, that all proper care will be 
taken, in obſerving the tranſit on the 3d 
of June 1769. And aftronomers will 
do well to make the moſt and beſt of it 


| hs, 
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they can; as there will not be another 
tranſit in leſs than 105 years afterward. 

E. How can that be ?---For as the Earth 
goes round the Sun in a year, and Ve- 
nus in 225 days; I ſhould think, that 
Venus would paſs between the Earth 
and the Sun once every two years at 
moſt. | 
N. So ſhe would, once in every 5 84 days, 
if her orbit lay in the ſame plane with 
the Earth's orbit, like one circle made 
within another on a flat paper. But one 
half of Venus's orbit lies on the North- 
ſide of the plane of the Earth's orbit ; 
and the other half on the South-ſide of 
it: ſo that her orbit only croſſes the 
Earth's orbit in two oppoſite points. 
And therefore, Venus can only paſs di- 
rectly between the Earth and the Sun, 
when, at the times of her con junctions 


with the Sun, ſhe is either in or near 


one or other of thoſe points. At all 
other times, ſhe either paſſes above or 
below the Sun, and is then inviſible, on 
account of her dark ſide being toward 
the Earth. But its being ſo alſo, at the - 
| H 3 time 
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time of her late tranſit, made her very 
conſpicuous on the Sun, like a black 
patch on a circular piece of white paper, 
At her laſt tranſit, ſhe paſſed below the 
Sun's center, about a third part of the 
Sun's breadth ;. and at her next, ſhe will 
| paſs as, far above it. 

E. I underſtand this thoroughly. Bus 
I think, there are ſome lines in the figure 
(PLATE III. Fig. 1.) which you have 
not yet explained. 
N. Then, ſhew me them, and F 


will. 
E. They are the lines NE X and | 


ne I. 
VN. True: I had almoſt forgot 3 
Suppoſe an obſerver at N, on the fide 
of the Earth fartheſt from Venus, to be 
carried from N to n, in the fame direc- 
tion with Venus's motion in her orbit 
from E to e, in the ſame time that an 
obſerver at à is carried from à to c, in a 
contrary direction to. the motion of Ve- 
nus in her orbit: the duration of the 
tranſit will be longer, as ſeen by the ob. 
ſerver who is carried from N to n, than 
X at 
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it would be to an obſerver at reſt at the 
Earth's center C. For, when Venus is 
in her orbit at F, ſhe will appear upon 
the Sun ati K, as ſeen from N in the 
right line NE XK; but ſhe muſt go on 
from E to F before ſhe can be ſeen from 
C, upon the Sun, in the right line CF RK. 
and, as ſeen from C, in the right line 
C f L, the will appear as juſt beginning 
to leave the Sun at L, when ſhe is at f 
in her orbit. But ſhe muſt move on, 
from / to e, before the can appear as 
beginning to leave the Sun, when ſeen 
by the obſerver at u, who is carried from 
N to # by the Earth's motion on its axis, 
in the time of Venus's moving from E 
to e in her orbit. So that the viſible 
duration of the tranſit will be, longer as 
ſeen by an obſerver who is carried from 
N to n, than it would be to an obſer- 
ver at reſt; and ſhorter, as ſeen by an 
obſerver who is carried from « to b. And 
the difference between theſe viſible dura- 
tions will be of greater advantage to- 
wards finding the Earth's diſtance from 
the Sun, than what could be gained on- 
H 4 ly 
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ly from obſervations made on the fide of 
the Earth which is neareſt to Venus, dur- 
ing the time of her tranfit. 
E. Pray, who was it that firſt thought | 
of this method of finding the diſtances 
of the planets from the Sun? I imagine 
he muſt have been a very great aſtrono- 
mer. 190 
N. He was ſo indeed; the man who 
firſt propoſed this method was the great 
Doctor HALLEY. - And as he was mo- 
rally certain, that, according to the com- 


mon courſe of nature, he could not 


live to ſee that tranſit ; he moſt earneſt - 
ly recommended it to future aſtrono- 
mers, that they might obſerve it when 
he was dead. And, in order to furniſh 
them with all proper information, he 
gave in a paper on the ſubject to the 
Royal Society; which paper was, ſoon 
after, publiſhed in the Wm 
Tranſactions, 


DIALOGUE 
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DIALOGUE v. 


On tbe metbod f finding the LATITUDES 
and LONGITUDES of PLAcgs. 


Neander, 


OOD-morrow, fiſter :--you have been 
later than uſual of coming this 
morning.--What's the matter? Lou look, 
pale. 
FEudeſa. I was taken ill, laſt night 
about twelve, of an aſthma, which 
frightened me, as I never was ſo before; 
and kept me awake till five o'clock this 
morning. Then it left me, and 1 fell 
aſleep, and have quite over-{leeped my 
time; for now it is eight o clock. PEN 


N Why 


| 
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N. Why did you not ring your bell, 
in order that ſomething might have been 


brought to relieve you? eſpecially as 


you know that our mother (among ma- 
ny other. good medicines) always keeps 
an electuary of honey, powder of liquo- 
rice, of elecampane, ſeeds of aniſe, and 
flowers of ſulphur; which is exceeding 
good for that diſorder, and has cured 
many of it. a 

E. I was loth to furpriſe any * or in 
the night, eſpecially as the aſthma did 
not continue long violent.---I raiſed my 


head a good deal; ſo it left me gradu- 


ally; and now I feel nothing of it. 


N. 1 am very glad of that.—But I think 


it would be quite wrong to enter upon 


any ſuch ſubje& this morning, as we 


have already. been about. And there- 


X 


fore, 1 hope you do not come now with 


any ſuch intention. 


E. Indeed I do, if i it were * to e, 
off my drowſineſs: and I feel no other 


ailment at preſent. 
N. Well then ;---with what ſubject 
ſhall I entertain you this morning ? 
I ;. 


1 
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E. I heard you yeſterday, for the firſt 
time, mention the Longitudes of places. 
But as I ſcarce know what either Lon- 
gitude or Latitude means, I ſhould be glad 
to know: eſpecially as we have heard 
ſo much lately about finding the Lon- 
gitude. And as I never heard of any 
difficulty about finding. the Latitude, 1 
imagine, the latter is much more 1270 
found than the former. 

N. It is ſo indeed, ſiſter.. 

E. What is the reaſon of that Bat 

believe my queſtion is premature: for 
I ſhould have aſked firſt,” what” thoſe 
terms mean ? 

N. Right, Eudofia 3 . now I will 
inform you. Every circle, be it great or 


ſmall, is divided (or ſuppoſed to be di- 


vided) into 36 equal parts, called De- 
grees, Now, if we take a great circle 
round the Earth, which divides the Earth 


into two equal parts, every degree of 
that circle contains 694 Engliſh miles : 
as is the caſe with the degrees of the 
equator, - and nearly ſo with thoſe of a 
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great circle taken round the Earth, 
through the North and South poles. 
The Latitude of a place is the number 
of degrees that the place is from .the 
Equator, towards the North or South 
pole: and is denominated North or: South, 
as the given place is on the North or 
South fide of the Equator.----Thus, in 
the little globe, (Fig. 1. of PLATE I.) 
all the places in the northern hemiſphere, 
from every point of the Equator to the 
North pole, have North Latitude: and 
all the places from every point of the 
Equator to the South pole, have South 
Latitude. As the poles are the fartheſt 
points of the Earth from the equator, 
they have the greateſt Latitude; which 
is 90 degrees, or a fourth part of 360, 
the whole circumference of the globe, 
The North and South points, or poles 
of the Heaven, are directly over the 
North and South poles of the Earth, 
And therefore, as the Earth turns round 
its axis, which terminates in its North 
and South poles, every point of its ſur- 
face is carried round in 24 hours, ex- 
| cept 


FF. 
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cept its poles, which are at reſt. This 
morion of the Earth will cauſe an ap- 
parent motion of every point of the 
heaven, in a direction contrary to the 
Earth's motion, excepting its poles, 
which appear always at reſt ; becauſe 
they are directly over the poles of the 
Earth, which are at reſt, 
E. May I put in a word juſt now, be- 
fore you proceed farther ? SOLES 
N. Why not. | | 
E. I ſhould think, that the 5 of 
the Heaven would chan ge among the 
ſtars, on account of the Earth's motion 
round the Sun in a year. For, undoubt- 
edly, if the Earth's axis (or line on 
which it turns round every 24 hours) 
were produced to the Heaven, it would 
deſcribe a circle therein, equal in diame- 
ter to that of its whole orbit; which 
you have already told me; is 1 90 mil- 
lions of miles. 1 
N. And ſo it does,---But if ir ſhould, 
by its track, make as dark a circle in 
the Heaven, as can be made with ink by 
a pair of compaſſes on paper; the diſ- 
tance 


110 The Youno GENTLEMAN and 


tance of the ſtarry Heaven is ſo great 
from us, that a circle therein of 'r 90 
millions of miles in diameter, would 
not appear ſo big to us as the ſmalleſt 
dott you can poſſibly make with a fine 
pen upon paper. Which ſhews, that if 
the Earth were as big as would fill its 
whole orbit, it would appear no bigget 
than a dimenſionleſs point, if ſeen from 
the ſtars. For, notwithſtanding the 
Earth's conſtantly changing its place in 
its orbit, the poles of the Heavert could 
never be perceived to change their places, 
a ſingle viſible point, even when obferv- 
ed with the niceſt” inſtruments. And 
therefore, we always conſider the poles 
of the Heaven to be fixed points; and to 
keep conſtantly juſt over the poles of the 
Farth. 

E. Lou have ſatisfied me dads ah | 
this head; and, at the ſame time, con- 
vinced me, that the diſtance of the ſtars 
muſt be inconceivably per _— rr 
to proceed. 

N. Now, let us fappoſe a great circle 


to be drawn round the Heaven, through 
its 
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its North and South poles, and to be 
divided into 360 degrees, like a circle 
drawn round the Earth 3 ita North 
and South pole. ! 
As the Earth is but a point in com- 
pariſon to the diſtance of the ſtarry 
Heaven; let us be on what part of the 
Earth we will, we fee juſt one half of 
the Heaven, if the horizon, or limit of 
our view all around, be not intercepted 
by hills. And as the poles of the 
Heaven are directly over the poles of the 
Earth; ſo the equinoctial in the Heaven 
is directly over ee Earth's _— all 
around. 

Now, as the Earth is and. 40 he 
Heaven appears to us to be round like 
the concave ſurface of a 'great ſphere or 
hollow globe; tis plain, that if we were 
at the Farth's equator, the equinoctial 
in the Heaven would be over our heads; 
and the North and South points, or poles 
of the Heaven, would appear to be in 
the North and South points of our hori- 
zon, or limit of view. But if we go 
one 28 em the equator, towards 

2 
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either the North or South pole of the 
Earth, the like pole of the Heaven would 
appear to be one degree elevated above 
our horizon, becauſe we would ſee a 
degree of the Heaven below it; and the 
contrary pole of the Heaven would be 
one degree hid below the limit of our 
view. —If we go two degrees from the 
equator, the pole will appear to be two 
degrees elevated above our horizon; and 
ſo on, till we go to either of the Earth's 
poles, 90 degrees from the equator; 
and then, the like pole of the Heaven 
would be juſt over our head, or 90 de- 
grees above our horizon; which is the 
greateſt elevation it can have, as ſeen 
from any part of the Earth. And as 
the number of degrees we are from the 
Earth's equator is called our Latitude, fo, 
the number of degrees of the elevation. 
of the celeſtial pole is equal thereto, At 
London, the North pole of the Heaven is 
elevated 5 14 degrees above the horizon; 
which ſhews, that London has 5 14 de- 
grees of North Latitude from the equa- 
tor. And as Eatitude begins at the 

| "2 Co _ equator, 


- bavy's e er 


equator, the my theieon have ho Lati- 

tate ara” 0777 Mi ungen fate * 
Ei Bur hom ua ybu teh by ana hum: 

ber of degrees tie pole i debsted! for 
there is no viſibte" virtte in the Heaven 
divided into degrees 10 rechen Bb. 
NM But we have an inſtrument ealled 
a Quadrant whieh id à quarter f a 
birele, drawn on 1 plate uf metal and 
divided ins 50 detztees; Add it has 4 
plucttb-lins Che Weighr hangtng from 
its center; Winch line a ays hangs tos 
ward the Farſh's nett wien [allowed 
to hang freely. And if we losk at the 
pole along one of the ſtraigi dH of 
the quadramy -the other eue wilt be as 
many degrees from the pfumts fre, 18 
ats etual to ille nuribet f deter of 
the pole s elevation above the her D of 
bur place“ Adil, by wat wieahe/ the el: 
vation of tv poley and eorftyuenitly hs 
Latitude of Me pate, Wknogo, 1995! 
F. Is there a ſtar fed dadetly in be 
North psle/ y nen inidans you echt 
know 18 5 OED N 
| Ni {NG 
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N. No: - but 1bere. is a ſtar of the ſe» 
cond magnitude, about two degrees from 
far. And as the Earth's motion on its 
axis cauſeth an apparent motion of all 
the ſtars round the poles: of the Heaven; 
the pole ſtar appears to us to deſcribe a 
circle, of four degrees diameter, round 
the pole itſelf, every 24 hours. And 
therefore, if we ſubſtract two degrets 
from the greateſt obſerved height of the 
pole ſtar, or add two degrees to the leaſt 
obſerved height thereof; the reſult gives 
the elevation of en un yu: of 
obſer vation: „ 2 40-47 * lag 

As the North pole ae 915 de- 
grees above ihe horizon of London; all 
thoſe ſtars which are within 5 14 of that 
pole never ſet; below the horizon of Lon · 
don. And therefore, if the greateſt and 
leaſt altitudes of any of theſe ſtars be 
taken with a quadrant, half the diſſe- 
rence of theſe altitudes being added to 
the leaſt, or ſubſtracted from the great- 
eſt, gives the elevation of the Dy wud 
the horizon. . i 


Abd | 


* 
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And thus, we can very eaſily and ac- 
curately find the Latitude of any place, 
by means of any ſtar which never ſets 
below the horizon of that place. 

The Latitude of any place may. 410 
be found by the Sun's: altitude at noon, 
on any day ot the year, quite independent 
of the ſtars,---I-, will firſt. endeavour to 
ſhew you the reaſon of e ee 
ſhew you the method. 

The Equinoctial in the Maniacs di 
rectly over the Equator on the Earth. 
And juſt as many degrees as the Latitude 
of any given place is from the Equator, 
ſo many degrees is the point of the 
Heaven, which is over the place, from 
the Equinoctial. Conſequently, if we can 
find how many degrees the point of the 
Heaven, which is directly over our place, 
is from the Equinoctial, we thereby ſind 
how many degrees our place is from 
the Equator.z or our Latitude. 


The Sun is in the Equino&tial twice 


every year; namely, on the z oth of 
March, and 2 3d of September; and then 
he is. » direRtly over the Earth's Equator. 

1 2 From 


| 
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From' the 2oth of Mareh to the 2 3d of 
September, the Sun is on the North-fide 
of the Equinoctial; and from the 2 3d'of 
September to the z oth of March, he 10 
on the South - ſide of it The number of 
degrees that the Sun is from the Equi- 
noctial, on any day of the year, is called 
the Stm's Declination for that day; and is 
denominated North or Sub, as the 8un 
is on the North or Sonth fide of the Equi- 
noctial. 80 that, DPechtiation i © the 
Heaven, 15 the fame as ns wo on hors 

Earth. 14128 a 
There are tables, ready: — 
which ſhew what the Sun's declination 
is, at the noon of every day of the year; 
as it is North of South on that day.- And 
the point of the Heaven which is direct. 
Iy over any place, is 90 by lcd above. 
the Horizon of that place.. 
Now, to find the Eatjewde or We plats 
as ſuppoſe London, which is on the 
North fide of the Equator; obſerve the 
Sun's altitude at noon, by means of à 
_ quadrant, on any day of the year: and 
then, if, by the aan, you find the 
Sun's 
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Sun's. declination to be North on that 
day, ſubſtract the declination from the 
Sun's meridian altitude, (that is, from 
his height at mid - day, as found by the 
quadrant) and the remainder will be 
the height of the Equinoctial; Which 
height being ſubſtraſted from 99 de- 
grees, will * the Latitude of the 
place. | 
Thus, on wir Pry of Fay the 
tables ſhew us, that the Sun's declina- 
tion is 23; degrees North; and if the 
San's altitude be obſerved with a qua- 
drant on the noon of chat day, the al- 
titude will be found to be juſt 62 de- 
grees--Now, ſubſtract 23 degrees from 
62, and the remainder will be 38 de- 

grees for the height or elevation of the 
higheſt point of the Equinoctial above 
the horizon of London; which height 
being ſubſtracted from 90 degrees, leaves 
remaining 311 ern for the e 
of London. 
If n we 
its quantity to the Sun's obſerved alti- 
tude at noon, and the ſum will be the 
I 3 _ _ elevation 
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elevation of the higheſt point of the equi- 
noctial above the horizon of the place; 
which elevation being ſubſtracted from 
90 degrees, will leave a remainder qr 
to the Latitude of the place.” 

Thus, on the 2 1ſt of December, 4 
tables ſhew us, that the Sun's declina- 
tion is 2 34 degrees South: and if his al- 
titude at noon be taken at London on 
that day by a quadrant, it will be found 
to be juſt 15 degrees; which being ads 
ded to 23+ degrees of South declination, 
gives 38+ degrees for the height of the | 
equinoctial, which height, being ſub- 
ſtrated from 90 degrees, leaves 5 17 re. 
maining, for the Latitude of London, 
as before. Do you n 2 this,” 
Eudoffa ? 3 

E. I think I do, on 0 this 
reaſons: you have given for the proceſs... — 
But I will confider it by and by; and; 
then tell you if I find any difficulty. 
N. Do fo: ee eee 

about the Longitude. The curve lines 
which you ſee drawn on the globe, from 


keis do pole {PLATE L "_ 1.) are call- 
ed 


3 % 
\ 
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mig 


ed Meridians; and each of them is a 
meridian to every place through Which 
it paſſes; ; becauſe when it comes even 
with the Sun, by the turning of the 
globe on its axis, the Sun is then at the 
greateſt height, as ſeen from all places 
on that meridian; and conſequently, it 
is then mid-day. or noon to each of 
them. There are only 24 meridian ſe- 
micircles on the globe, at equal diſtan- 


poſe the whole ſpaces between them to 
be filled up with other ſuch meridians, 
becauſe. every place, which is ever ſo 
little to the Eaſt or Weſt from the me- 
ridian of any given place, 3 
meridian from that of the given place. 
The whole circumference of the n. \ 

tor is divided into 360 equal parts VL, 
degrees: and the Engliſh — 
and geographers begin (What they call) 
the Longitude, at the meridian of Lon- 
don, and thence reckon the Longitudes 
of other places to the Eaſt or Weſt, aas 


the meridians of thoſe places lie Eaſt r 


Welten fron ;the meridian: of London. 
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$0 that, the Longituds of any place, 'Eaft 
or Weſt of the meridian of London, is 
equal to the number of: degrees inter- 
cepted between the mexidian of chat 
place and the meridian, of London; ac- 
cording io the Engliſh way of reckors 
ing, Thus, a mexidian drawn through 
Copeubagen, in Denmark, would cut the 
Equator, 13 degrees eaſtward: of that 
poieh where the maridian of London cuts 
it; and a meridian, drawn through Phi- 
ladelphia, in North Amexica, would cut 
the Equator 7-4 degrees woſtwWard of the 
point where the meridian of London 
cuts it: and therefore,. we. ſay, the Lon - 
gitude of en is 1-3. degrees Eaſt 
from the merigians ob hondon (Which is- 
termed tx firfd meridian by. the Engliſh) 
and che Longitude ok ne 18 m4; 
degrees. Weſt. a 
All people, ho ao what. ich 
and Longitudt. mean, reckon Latizude ta 
begin at the. Equatar, that they may 
figd the Latitude. by the elevation of: the 
— above the. horizon. But as they 


map. begin. the. ee cke mei- 
dian 
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dian of any place; 1-fippofe” moſt na- 
tions reckon the Longitude of all othet 
places from the meritliat of che princi- 
pal city of br own en oe” nay 
tion, 
E. Why is it bb Men a manter tp 
find the Longitude of any place, from 
the meridian of any other place, in com- 
pariſon of finding the Latitude? 

N. Becauſe we have a fixe point, or 
in the Heaven, which ſhews us 
our Latitude by its elevation above the 
horizon of our place: but there is no 
viſible meridian in the Heaven, to keep 
diretly-over the meridian of any place 
on the Earth. H there were fych a me- 
ridian, the Longicudes of all other places 
from it might be as eaſily found; by its 
elevation above their horizons, as their 
EFathudes are found by the elevarion; of 
the pole, or by the err ORs 
ban enn eee JO 

E. F underſtand you! perfectly i | 
Butz pray, what are the beſt methods 
— ch} ' | 
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mw. The beſt method, in theory, is by 
a machine that will meaſure time exact. 


ly, ſo as to go as true at ſea, as a god 
dock does on land. | oy ant BB 


4 


— 


E. Pleaſe to explain this. 

N. The Earth's circumference is 360 
degrees; and. as it turns round its axis 
eaſtward every 24 hours, it turns 15. 
degrees every hour: for, 24 times 15 
is 360. Therefore, every place whoſe 
meridian is 15 degrees Eaſt of the me» 
ridian of London, will have noon, and 
every other hour, one hour ſooner than it 
is ſo at the meridian of London. Every | 
place whoſe meridian is 39 degrees eaſt- 
ward of the meridian of London, will have 
noon, and every other hour, two hours 
ſooner than it is, ſo at the meridian of 
London ; and ſo. on: the time, always 1 
differing one hour for every 15 degrees 
of Longitude, - On the contrary, every 
place whoſe meridian i is 15. degrees Weſk, 
from the meridian of London, will have 
ndon, and every. other hour, one hour later 
than it ſo is at the meridian of London; 
and ry place whoſe meridian is 30 des, 


Zrees 
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grees Weſt from the meridian of London, 
will have noon, and every © other hour, 
two hours later than it is ſo at the me- 
ridian of London; and ſo on. i 
E. Although this ſeems plain, Tihould 
be glad to have it illuſtrated by a figure. 
N. And here is one (Fig. 2. of PLATE 
III.) ready for you; in which, let & be 
the ſun, abedef, &c. the Earth, turning 
eaſtward round its axis, in 24 hours, 
according to the order of the letters. 
Let P be the North pole of the Earth, 
and 4p; b P, P dp, &c. be as much of 
2 4 meridian ſemicircles as can be ſhewn 
in the figure, at 15 degrees diſtance from 
each other; and ſuppoſe 7 to _ the | | 
meridian of London, | 
Then, "whichever | fide of div) Farth 
is at any time turned toward the ſun, it 
will be dy on that fide, and night on 
the other ; as expreſſed” by the b and 
ſhaded parts of the Earth in the figure. 
And, as it muſt be XII o'clock atinoon 
on any meridian which is turned to! 
ward the ſun, at any moment of abſolute 


9 becauſe that meridian will then be 
in 
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in the middle of the enlighteried half of 
the Earth, as on the meridian Pa; it is 
Plain that it will be twelve o'clock at 
night, at the ſame inſtant, on the oppoſite 
meridian , becauſe it is then in the 
middle of the dark. VI o'clock in the 
morning on the meridian t P, and VI in 
the evening on the meridian g P; and 
ſo, all the intermediate hours, on the 
intermediate meridians, at the very in- 
Rant when it is noon on the meridian 
P a. 80 that, ſuppoſing Pa to be the 
meridian of London, it is plain, that when 
it is XII o'clock there, it will be 1 O clock 
in the afternoon on the meridian P 5, 
becauſe that meridian is paſt by the fun x 5 
degrees, or one hour, to the eaſtward; 
o elock in the afternoon on the -meridian 
c III o'clock on the meridian P d: and 
ſo on. But, it can only be XI in the 
foxenoon, on the meridian P z, When it 
is non on the meridian Pe becauſt 
P is then an hour ſhort of being even 
with the ſun: X Oclock in ihe forenoon 
on che meridian P y, becauſe hat me. 
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Alen wants two hours of being cen 
with the ſun ;/ and ſo on. "£6 j; 

Now, as every maſter of s ſhip knows 
how to find the time of the day at the 
place of his ſhip, by the heigiit of the 
ſun; or the time of the night by che 
height of any given ſtar that revolves at 
a good diſtance from either of the celeſti- 
al poles; if he firſt finds the Latitude of 
the place of his ſhip: he may find the 
Longitude of that place in the following 
manner, D 
going of his watch. © 36 
' Before he ſets out from any Roe i 
ſuppoſe from London, let him fee His 
watch to the exact time at that port: and 
then, ler him fail where he will, his 
watch will always ſhew him what the 
time en det "pore amn 
out. 


Wer pert use ebe U | 


way to the Weſt Indies; aud that he has 
ſailed from London at à as far weſtward 
as x, and them wants to find the Longi- 
tude of the place of his ſhip at x. 
ür finds the Latitude of the place x, 


OO” ; and 


9 
4 


|} 
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and then, by the altitude of the ſun; finds 
the time at that place; which we ſhall 
ſuppoſe to be IX o'clock in the morning: 
he then looks at his watch, which ſhews 
the time at London, on the meridian. Pa; 
and finds that it is XII o'clock at noon on 
the meridian of London. By this he 
knows, that he is three hours to the 
Weſt of London; and as every hour of 
time anſwers to 1 5 degrees of Longitude, 
he finds that the meridian of the place 
of his ſhip is 3 times 15, or 45 degrees 
Weſt from the meridian of London. 
And, as every hour anſwers to 15 de- 
grees of Longitude, ſo every four minutes 
anſwers to one degree. If he had been 
as far eaſtward (as at 40 from the -me- 
ridian of London, he would have found 
it to be III o'clock in the afternoon at 
the place of his ſhip, when his watch 
would have ſhewn him that it was then 
only mid-day at London: and fo, in that 
caſe, he would have known that the 
Longitude of his ſhip was 45 degrees 
E. This appears to me to be a very 
rational 
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rational and eaſy method of finding: the 
Longitude; if a watch can be made that 
will keep exact time at ſea.-Pray has 
there ever been ſuch a watch made, ſa as 
that it can be depended upon? for other - 
wiſe 1 ſhould think it very dangerous; 
becauſe, for every four minutes that it 
would either gain or loſe, it would cauſe 
an error of a ale 3 reckoning 
the Longitude-. ie Shade Yo 
VN. Mr. Harien hes ſacrenied the beſt 
of ay who ever yet attempted: to make 
ſuch a wach. But cht watch has been 
found not to keep time quite ſo exactly as 
was expected after ſome months tial. at 
the Royal Obſervatory at Greenwich. Yer 
it muſt be acknowledged that Mr. Harriſon 
has very great merit, and deſerves the 
reward he has got for his ingenuity: 
and many are of opinion, that he can 
ſtill make a watch that will meaſure 
time more exactly than the one Whick 
has been already tried (and for Which 
he has got the reward), 1 it is the moo | 
one he ever madlwmee + 1 7 ; 


Another method (and which is a hin | 
ſure 


1 
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fare one) for finding the Longitude, has 
been practiſed for many yenrs : and n 
is, by the eclipſes of Jupiter's ſatellites; 
bur it is attended with two inconveni- 
ences: firſt, as it requires the teleſcope rs 
be quite Ready, by which thoſe edlipien 
are obſerved; it cannot be put in practise 
at ſea, on account of the unſtendineſs of 
the ſhip: and ſecondly, no obſervations 
of theſe eclipſes can be made in 1he-Uays 
time, becauſe Jupiter is not then viſible. 
E. But I ſhould think it muſt fill be 
very uſeful in finding the Lotygituded of 
places on the land, — 
may be kept quime Ready Fray, explain 
the method by which the nn 
been thus found.. 412 
N. The) Engliſh aftromonners' hass 
calculated tables which ſhew the times 
of thoſe eclipſes, all che year round, on 
che meridian of London; and the Freu 
have done the like for che meridian of 
Faris. Now, fuppoſe an Engliſuman 60 
de at Kingſton i Fanidica,, and that be obs 
ſerves either of Jupiter's momm % bs 
| ae in che morn- 
ing: 
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ing: he looks at the tables, to ſee at 
what time the ſame eclipſe is on the 
meridian of London; and finds the time: 
there to be at 8 minutes after VI in the 
morning. The difference of the times, 


as reckoned at London and at Kingflon in 


Jamaica, is thus found to be 5 hours 


3 minutes, or 308 minutes; which 
being divided by 4, (becauſe 4 minutes 
of time anſwer to one d of Lon- 
gitude) quotes 77 for the number of 
degrees by which the meridian of King- 
ſton is Weſt from the meridian of Lon- 
don: and thus he finds, that Kingſton 
is in 77 degrees of Welt Longitude from 
London. \ 


E. You have explained theſe 'mat+. 


ters very fully; and I thank you for it. 


N. 1 thought to have done it in 
much fewer words; and am afraid 1 


have quite tired you this morning, as 
you n N 


ſuch a bad nigbt. 
E. But I am Natur now, — 


and you have finiſhed in very go 


time, as che bell juſt rings for break - 
faſt. 
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DIALOGUE VI. 


On the CAUSES of the different lengths. of 
DAYS. and NIGHTS, the  wicifft- 

. tudes of SEASONS, and the Various 
pn of the MO ON. | | 

| | [ 
Neander. | 


AM very glad to ſee you ſo early 
> this morning, Eudęſia.— ] hope you 
reſted well laſt night, and had no return 
of your late complaint. | 
; Eudefia. I flept very well Fg 4 
o'clock till five; and am quite well. 
N. I am very glad to hear it,---What 
ſubject do you propoſe for us to enter 
upon, this morning? | 
| 5 1 Would 
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E. I ſhould be glad to know the rea- 


ſon why the days and nights are of dif- 


ferent lengths at different times of the 
year, For, although 'tis plain, that 
the turning of the Earth round its axis 
once every 24 hours, muſt cauſe a con- 
tinual ſucceſſion of day and night in 
that time; the ſame as if the Earth 
were at reſt, and the Sun moved round 
it in 24 hours; I do not underſtand the 
reaſon why the days and nights are 


continually varying in their lengths, 


unleſs it were by a particular motion of 
the Sun northward and ſouthward, acroſs 
the Equator, in a year. But, from what 
you have already told me, it appears 
plain, by the ſtated laws of nature, 
that the Sun cannot have any ſuch mo- 
N. Indeed he cannot And you ſhall 


ſoon ſee the reaſon of the different 
lengths of days and nights, and of all 


the four ſeaſons of the year, without 
any motion of the Sun northward an 


ſouthward acroſs the Equator.---Pleaſe to \ 
light that candle, by way of a Sun, 


K 2 and 


| 
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and fet it upon the table, Whilſt I fhut 
the windows; fo that we may have 
no light in the room but from "wo 


: pg . 
There it is, brother. | 

— Now, I put a wire axis thromſly 
our {mall three inch globe, ſo as to reach 
a little way out from its ſurface in the 
North and South poles. -I move the 
globe round the flame of the candle, 
keeping it always at the ſame height 
from the table, and its axis perpendieu- 
lar to the table: and you fre that the 
candle is always even with the Equator 
of the globe, and Ir it juſt _—_ 
pole to pole. 
E. Exactly fo. Ne * 

N. And that one half of the + mah 
enlightened by the candle, whilſt the” 
other half is not: and conſequently, that 
it appears as if it were day on the ſide ot 
the globe next the candle, and OR ew 
the oppoſite tide. -- 
E. Very plain. 

N. I now turn the globe round 15 


axis many times during the time 1 
6 move 
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move it round the candle as before; 
and you ſee that every part of its ſur- 
face, from the North pole to the South, 
goes equally through the light and 
ſhade. $0 that, if the globe was turn- 
ed round its axis once every 24 bours, 
and carried round about the candle once 
in a year, every point of its ſurface 
from pole to pole, would be twelve 


hours in the light, and twelve hours in 


the dark. | 

E. Undoubtedly it would, 

N. Then, you ſee, that ſuppoſing the 
candle to have no motion from one fide 
of the Equator to the other, and the 
axis of the globe to keep perpendicular 
to its orbit, in its whole courſe round 
che candle; the days and nights cauld 
never vary in their length. 

E. Self- vide. 

N, I now indcline- the Nach pd of 
the axis a liule toward the candle, and 
turn the globe round its axis. ou now 
ſce that the candle ſhines as far over the 
North pole as the axis of the globe ig 
** eb and that all 


K 3 thoſe 
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: thoſe places of the northern hewiſjhenef 
which go through the dark, go through 
leſs of it than they do of the light % 
that their days are longer than ther 
nights: and the candle, being on the 
North - ſide of the Equator, ſhines as fr 
ſhort of the South pole, as it ſhines over 
the North pole: and conſequently, all 
the places on the ſouthern hemiſphere f 
the globe, which go through the light, 
go through a leſs portion of it than they 
do of the dark; and ſo have their days 
ſhorter than their nights. 4 
But, make the North pole of the axis 
decline from the candle, and turn the 
globe round its axis; the candle will 
not enlighten” the globe to the North 
pole, but it will ſhine round the Southi' 
pole. And now, all the northern places? 7 
of the globe which go through the light, I 
go through leſs of it than they do of { 
- the dark; ſo that the days are morter 
than the nights on the North- ſide of the 
Equator, and the contrary on the South? 
ſide of it.-You now ſee; that turning 
the poles of the Earth alternately, mord 
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or leſs, — is: che Sun, will | 
have the ſame effect, as if the Sun really 
moved northward and ſouthward, 'todif- 
ferent fides of the Equato . 
E. It will, indes. Bur do e poles 
of the Earth incline toward the Sun, and 
from him, in that manner, at p ey 
times of the year? 

N. They do: and heres is a Gini 
(PLATE IV. Rg. 10 by which the whole 


egos th cars f 
| * 


plained. 
Let ABCDEFGHA repreſent the 
Earth's orbit Then obliquely, which 
cauſeth it to appear of ani elliptical ſhape). 
And let 7 be the Earth, going round the 
Sun S, according to the order of the letters 
A, B, C, D, &c. once every yea. 
Now, Suppoſe a great circle Pu I þ x, 
to be drawn round the Earth, through - 
its North pole P and its South pole p; 
and let 2 be the Equato. e 
Divide the great circle PuTp x into 
360 equal parts or degrees; and ſet off 
23+ of theſe degrees from P to u. Theng 
at * diſtance Pu from the North pole; 
Tre. | K 4 draw 
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draw a circle all around it; which call 
the North polar circle; and ſuppoſe: juſt 
. ſuch: another circle to be drawn Wong 
the South pole. I 
Make the Earth's axis Pp incline | 
23: degrees toward the right hand fide 
of the plate; and let the Earth 7 be car- 
ried round the Sun d in the orbit 
A, B, C, D, &c. in the time of its turn» 
ing 365 times round its axis: and, in 
its whole courſe, let its axis P p ſtill in- 
cline 231 degrees toward the Wr 
ſide of the plate. 1 
ben ds piaim that bet che Earth | 
is at 7, the whole North polar circle falls 
within the enlightened part of the Earth; 
and all the northern places between the- 
Equator Q and the North polar circle u 
are more in the light than in the dark : / 
and therefore, as the Earth turns round 
its axis, theſe places will have longer 
days than they have nights: and the 
Sun will point as far North of the Equa- 
tor 2, as ſhewn by the ſtraight Om as 
he ſhines round»the North pole P; for 
the n 2.7, n from the 


Equator, 
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Equator, is equal to the diſtance P u 
from the North pole; which is 231 de- 
grees. This is the Earth's poſition on 
the 21 of June, when our days are 
at the ee and e at Wal. 
eſt. 

At the: diftance: 27 (235 Sg 
northward from the Equator) deſcribe 
the circle T, round the globe, parallel 
to the Equator: and as the Sun is di- 


rectly over the circle 7, in the right line 


R, and can never be farther North of 
the Equator; but begins then to recede, 


as it were, ſouthward from the circle T, 


that circle is called tbe Northern Tropic, or 
limit of the Sun's greateſt North decline: 
tion from the Equator / a 

As the Earth moves on in its orbit, 
from I to K, its axis Pp inclines more 
and more ſidewiſe to the Sun 8; as it 


ſtill keeps parallel to the poſition it had 
when: the Earth was at 1» for Which 
reaſon, the northern places are gradual- | 


ly turned away from the Sun; and theit 


days grow ſhotter, and their nights 
X T4 5 * "> - '2 0 «% *% 
421 Free 


longer 18 7 
« 
* 


When 


* 
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When the Earth is at K, its axis Pp 
inclines neither toward the Sun nor from 
him, but is ſidewiſe to him: ſo that 
the Sun is then directly over the Equa- 
tor, and enlightens the Earth juſt from 
pole to pole. And, as the Earth's rota- 
tion on its axis then carries all the parts 
of its ſurface between the poles- equally 
through the light and the dark, the days 
and nights are equally long at all places 
of the Earth, This 1s the Earth's poſi- 
tion on the 2 3d of September. 
As the Earth advances from K to L, 
through the part C D of its orbit, the 
North pole P and all the northern places 
of the Earth are gradually more and 
more turned away from the ſun S. and 
thoſe places of the northern hemiſphere 
which go through the light and the 
dark, go through more of the dark than 
of the light; ſo that their days become 
gradually onen, and their nights 4 
longer, | 
When the Farth © comes to Lin i | 
pit, its North pole P is as much turned | 
away from the Sun &, as it was turned 
toward 


l 
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toward him when the Earth was at I: 
and therefore, when the Earth is at L, 
the whole North polar circle « is in the 
dark; and the Sun points 235 degrees 
(as ſnewn by the right line 1) to the 
South of the Equator 2 and is then 
over the circle t, which is parallel to the 
Equator, and is called the ſoutbern tropic, 
becauſe it is the utmoſt limit of the Sun's 


South declination from the Equator. - 
This is the .Earth's poſition on the 21ſt 


of December, when all thoſe places in 
the northern hemiſphere, which go 
through the light and the dark, go 


through the leaſt portion of the light, 


and the greateſt of the dark, that they 


can do on any day of the year. And 


therefore, the days are then at the ſhorteſt, 


and nights at the longeſt, in the northern 


half of the Earth, all the way from the 


Equator & to the North polar circle u; 


within wanch circle there ee 

all. 
As the: Earth a from L to M 
through the part EF of its orbit, its axis 
P ou gradually more and more turned 
7 fide- 
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fidewiſe to the Sun; the northern places 
fall more and more into the light, and 
their days lengthen and nights ſhorten. 
And when the Earth comes to M, which 
is on the 2 oth of March, its axis neither 
inclines toward the Sun nor from him, 
but ſidewiſe to him. And then, the 8un 
is directly over the Equator &. and en- 
lightens the Earth from its North pole P 
to its South pole p: and as it turns round 
its axis, every place on its ſurface from 
pole to pole goes equally through the 
light and the dark; and has the day 
and night of an equal length, You i, 
twelve hours-each. 

Laſtly, as the Earth goes on Fa ad 

to J, in the part & H of its orbit. its 

North pole P, and all its northern places 
from the Equator & to that pole, advance 

7 gradually more and more into the lights 

and ſo, have their days longer ani 

nights ſhorter, till the Earth comes ta / 

on the za oth of June, when the days in 
thoſe places are at the longeſt, and nights 

at the ſhorteſt; becauſe they incline tha 

moſt to the Sun that they can do on any 

1 - day 
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day of the year; and confequently, they 


then go through the greateſt porriofs of 


the light, and the leaſt of the dark; all 
the way from the Equator to the North 


polar circle a; within which cirde there 


is then no darkneſs at afl. 

And thus, as the Earth's Aris alt in- 
elines toward one and che fame ſide of 
the heavens, in its hole annual courſe 
round the Sun; as in the figure it does 


toward the right hand fide of rhe plate; 


ir is evident, that its' axis muſt incline 
conſtantly, more or tefs, toward the Sun 
during or fammer-half of the” year; 
and more or lefs from him our 
winter-halF. 


winter in the ' ſouthern, and the con- 
rrary: and that there can be no difference 
of ſeaſons at the Equator, becauſe it 18 
in the middle between the poles, and 


akways  equallycut in halves by dhe 


boundary of light and darknefs' u 2; 


. This very plainty'thews che reafon 
of che different lengths of 'days and 


nights, and alſo of all the variety of 


ſeaſons. 


"That; when it is fummer 
in the northern hemiſphere, ir muſ be 


| 
| 
| 
Z 
| 
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 ſeaſons.—-But, as I apprehend the matter, 
each pole, in its turn, muſt be con- 
tinually in the light for half a year to- 
gether; and in the dark for the other 
half: ſo that it appears there can be 
but one day and one night at each n 
in the whole year. 

N. You are quite right, kate, and 
have told me the very thing that IL Was 
about to inform vou of. 3111 a 

E. I came into your room . 
about one o'clock ; but you happened 
then to be out: and ſeeing a book lying 

open on your table, I looked into it; 
and found mention made of the ecliptic, 
the figns thereof, and the Sun's place. 
Pray, what is the ecliptics, and what 
are its ſigns? 

N. If the plane of ee 
were produced out to the ſtars, like a 
broad circular thin plate, its edge would 
form a great circle among the ſtars ; 
which great circle (tho' only an imagin- 
ary one) we call the Ecliptic. And as the 

Earth moves in the plane of ſuch a 
circle, in its whole courſe round the Sun, 
it 


= 
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it will be always ſeen from the Sun a8 
moving in ſuch a circle among the 


ſtars: and, at any given time, in the 


oppoſite point of that circle to the point 
of it in which the Sun then appears as 
ſeen from the Earth. So that, as the 
Earth goes round the Sun once à year, 
the Sun will appear to us to deſcribe à 
great circle among the ſtars, in a year. 

Aſtronomers . divide this 'circle into 
twelve equal parts, called S&gns, and each 
ſign into 30 equal parts called Degrees. 
And in whatever Sign and Degree the 
Earth would appear, as ſeen from the 
Sun, at any given time; the Sun muſt 
then appear in the oppoſite Sign and De- 
gree as ſeen from the Earth: and the 
part of the Ecliptic in which the Sun's 
center appears to be, as ſeen from the 
Earth at any given inſtant of time, is 
called the Sux's place in the Eelipels, at that 
time. uo 

Theſe Signs are called Aries, Tanis 


Gemini, Cancer,\ Leo, Virgo, Libra, Srorpio, 
Sagittarius, Caprirornus, Aquarius, and Piſces, 


yh month and days of- the'year, in 
which 


' 
| 
' 
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| 
| 
| 
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which the Sun appears to enter am 
Signs, are as follows. | 


| fla, Tarn, Gand, Cancer, 
e — 


— Scor gabe * Kr Þ 
0 2 3 b. 


x3 


_ 


;V; Then, let me ſee; I think I bid 
tell, by this, what the Sun's place in 
the Ecliptic is, on any day of the year. 
Each Sign has 30 degrees; this is the 
11th day of July, and the Sun does not 
enter Leo till the 23d; ſo that he muſt 
yet be in Cancer. Take 11 from 237 
and there remains 123 ſo that the Sun 
is NOW 12 ees ſhort of the laſt point 
of Cancer; and conſequently, he is — 
the 1 8th degree thereof, * 
N. You are perfectly right, ſiſter: 1 
I think we have ae with this. part o 3 
our ſubject, at 
E. And will you allow me, this 
morning. to enter upon any other? 
N. Why not; and continue it too till 
the bell calls us to breakfaſt. a 
E. Which, I hope, will not be in leſs 
- than half an hour: and till then, I 
13 ſhould 


' Laby's Acro . 45 


ſhould be glad wem en about 
the Moon. as. 

N. Very well ir is your province to 
aſk queſtions, and mine to anſwer them. 

E. What is the cauſe of the | Moon's 
appearing of ſuch different ſhapes as 
ſhe does to us every month, always in- 
creaſing from change to . _ ok 
creaſing from full to change? 

N. Be pleaſed to light the bande 
again, and ſet it on yonder table, at the 
farther end of the room, whilſt I cloſe 
the window - ſhutters. And then, do you 
ſtand at a good 1 8 
and look toward it. 

E. Very well, Ooooh IJ 

N. Here is a ſmall ivory en 
a wire through it, by way of an axis. 
I will now move that globe round your 
head; and, as I carry it about, do you 
turn yourſelf round, and keep looking 
at it. Let the candle repreſent” the Sun, 


your bead the Earth, and the globe „ 


Moon. As the candle can enlighten 
only that half of the globe which is 
e 3 

L I” 
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* enlightened ſide, which appears juſt like 


| . | © 1 N 
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enlighten. that half of the Moan'whigh 
is at any time turned toward him. The 


| other half is in the dark, and the Moon 
goes round the Farcb 3n-þer chit 00a 


eu. 

As Look ths globs oven your head, 
3 fide of it is toward you hen 
it is between your head and che candle; 
the light ſide when it is carried half 


wund, or oppeſite to the cande with 
reſpect to your head ; and, in the mid- 
dle between theſe. two poſitions, u 
have half the light n 1 
kde toward u. Lau 
E. Very true And ho was ghal | 
is between me and the candle, the whole 
of its enlightened fide diſappears: when 
you move it a little way frem that po- 
ation, I ſee @ little of its enlightened, 
fide, appearing borned,: like the Moon 
when ſhe is a few days old. When you | 


earry it a quarter round, I ſeg. half its 


the Moon when the: is a quarter old. 
As you move it farther; onward, Lifee 


more and more of ky OR ide; 


_ LY 
„ 


mass A TUN 17 


and it contintes to inereaſe like the 
Moon, till it is juſt oppoſite to the candle, 
when I ſee the Whole of its emlightened 
ſide ; and then it appears quite round, 
like the full Moon. After which, I ſer 
leſs and leſs of its enlightened fide, 
which gradually deereaſes Ike the Moon, 


until you bring it again between me 


and the candle j and then, the whole of 


its Ione. ide pee as he» 
fore, 


NN aw doch not chis 1 very 
play, why the Moon muſt appear to 
us to increaſe from the change to the 
full; een en n to the 


change? EMT h 
FE. very lataly/inderd; and, 1 think; 


it alſo ſhews that the Moon does not 
ſhine by any light of ber own; but 
only by ney the Sun's light n 


her own light, ee ſee ber 


n | 
N. That is a very good and jolt on 


1 


1 
| 
| 
| 


ſervation fir and f f * cant N 
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might poſlibly , have n © 
make. . 
ye A Boz, if you tad. Ge iel 
different appearances of the Moon by 
means of a globe and a candle ; how 
would you have done it by a figure? 
N. Here is a figure for that purpoſe 
(PLATE IV. Hg. a.), in which, let $ re- 
preſent the Sun, E the Earth, M the 
Moon; and abedefgba the Moon's or- 
bit, in which ſhe goes round the Earth 
from change to change, according to 
the order of the letters; that is, ea 
ward in the heavens; although the 
Farth's daily motion round its axis, che 
ſame way, being quicker than the 
Moon's progreſſive motion, makes ber 
appear io go round weſtward. When 
the Moon is at M. between the Earth and, 
the Sun, her dark ſide is then toward 
the Earth; and ſhe diſappears, becauſe 
that ſide reflects no light. When ſhe is at 
N, a little of her enlightened fide will 
be ſeen from the Earth; and then ſhe 
will appear horned, as at a. When ſhe 
is at 2 half her enlightened fide will be 


toward 
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toward the Earth, and ſhe ' will then ap- 
pear as at o, or in her firſt quarter, be- 
ing then got a quarter of her orbit out 
from between the Earth and the Sun: 
When ſhe is at P, more than half of her 
enlightened fide is toward the Earth; 
and ſhe appears (what we call) Gibbous, 
as at p. When ſhe is oppoſite” to the 
Sun, as at 2; the whole of her en- 
lightened ſide is toward the Earth; and | | 
P | | 
ZE. Let me interrupt yo a little here. | 
Nye can the 8un ſhine upon the 
Moon, when the Earth is directly be- 
tween her and the Sun? For, 1 ſhould 
think, that the Earth would ſtop the 
Sun's light from going to the Moon. 
N. It does ſometimes ; and then a 
Moon is eclipſed: and ſometimes the 
Moon comes directly between the Earth 
and the Sun at the time of her change; 
and then we ſay, the Zun is eclipſed. 
But we ſhall talk of theſe" manem after. 0 
ward. «dS 
* 1 am very glad of ie and now, | 
Sir, rr ER | | 
I. 3 | M When 


| Earth, 
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N. Whew the Moon is at R in her os 
bit, part of her enlighienedfide ig-rarned 
away from the Farth ; and the appears 
gibbous again, 2s at r. When ſhe is 
at T (three quarters round her orbit 
from between the Earth/ and the gun) 
half of ber light and half of her dark 
fide is toward the Earth; aud ſhe ap- 
pears half detteaſed, or in her third 
quarter, as at n Wben ſhe is at U in 
her orbit, the greateſt part of her en 
lightened fide is turned away from . the 
Farth ; and ſhe appears borned, as at u. 
And when ſhe is between the Earth and 
the Sun again, as at M. ſhe is quite in- 
viſidle x becauſe the whole of ber un- 
enlightened: fide ia n e * 


E. This does very well; bus like 
the candle and ball ſtill better. 
N. For this very good reaſon, ih 
they are more like the woxks of naa 
than any RE we e on _ 

Er. 

E. How long is the n goaiit 
beer her orbit fiom change to change? 


, _ 
k * N. 


N. Twenty 


LA — L, IF2 


NM. Tweny-nine: days, req 
forty-four minutes, rhrge ſeconds. 
Z. And what is her diſtance rom te 
Earth's tener 
N. Two hundred and forty thouſand 
Engliſh miles M300 1 #8H&EK - t960 
F. How many times would it mis 
round me to go round the Moog's 
orbiee'd ron 4 fairy watt gY -, 
M Sixty — theeefove, veep 
degres--of- the Moon's orb is eu 
in length to 6 degrees of a great 
cirete (o e on the nn 
ſurfac t. 1 bio 0 
E. What is u Movin's Sands 
ati in What r by i © the 
Ears? iin i Im ast: i 
Ny The Noon — 2187 
miles; * and it is im proportion” to the 
Earees diatneter 1 160 is to 365, or 
2 $0 039 1598154. een 9999 et 
E. What are thoſe ſpots which we” . 
ſce on the Moon? I think L. have n | 
ſome people ſay that they are feas. 
N. S0 they were thought td be, be- 
fare tkere were good teleſtopes to view 
. 2 „ 


— - 
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to be only darker places of the land in 
the Moon, which do not reflect the Sun's 
light ſo copiouſly as the whiter parts do. 
For we ſee they are full of -pits. and 
deep valleys: but if they were ſeas, 
they bn have even " . tur 
face. L n 
E. 80 they — wad) dee 
But as it may be known by theſe ſpots 
whether the Moon turns round her on 
axis or not if the does turn round, I 
ſhould be glad to know in what time; 
becauſe I ſhould thereby know the e 
af her days and nights. 
N. She turns round wen axis is etaddly 
in the time ſhe goes round her orbit; 
and this we know by her keeping * 
ways the ſame fide toward the Eartn. 
E. Then ſhe can have only er 
and one night between change and 
change, or in 29 days, 12 hours, 44 
| ne 3 ſeconds, of our Une; 44-548 
N Exactiy „ 
E. And is her axis inclined. to ** 


. as our Earth's is to its n 21 
N. 
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N. No: her axis is perpendicular 
to the Ecligticy in which che Earth wens 


and nearly n to 2 
orbit. 3? 
=? r 
ways be equally long; nnn 
no different ſeaſons ?- 1s bau 

N. Lou are very wiring kai 

off: But pray, brother, how is it poſ- 
ble chat we can only ſee one and the 
ſhe turns round her axis For, I ſhould 
think, that if ſhe has 0 n. 
we muſt ſee all her ſides. F 

* Take : that 3  gok by. its 
. There is , ale eh \ £86072 
N. Now, hold its axis, — —.— 
ing, (as you hold your pen when you 
aan ara" ink-horn 


en. 


| TIT , a rs ON * 
N Abend ata 
carry the globe ſo round, without tur- 
111 e 
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ing ir ac all on is axis, All its fides are 
__fucceſlivdy ſhewny co — 181 
_ aa They are indeed. Van. bn 
N. Carry it round as ink-hory 

again; and try whether you enn make 
u ſtill keep one and the ſame ſide 18. 
ward the ink-horn, without turning 
round on its adi, by turmag the axis 
ruund between your n finger _ 
mund cd 992-7 1171 ns 14 4˙ 7% 

it 21 bndit hn pebble 10 do pegs 
in each! revolution of the globe about 
te ink- horn, in order to make he 
globe keep ſtill che ſame ſide toward wm 
Fam obliged to cuun the axis dance ronnd 
berwixt m finger and thumb; and, as 
the axis is fixt in the globe, I cannot 
turn the axis round we qe the 
us round too- - 
. Wall, nner; belag thax the Moen 
goes round the Raetty-in her orbit, as 
you carry the globe round the ink-hotri; 
is not her keeping the ſame ſide always 
_ towar@ the Hari a full n dum. 
. r eg * 


k. K 
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E. It certainly is: and I can alſo ſee, 
that as the Sun is on the outſide of the 
ſame ſide toward the Earth, makes her 
ſhew herſelf all around to the Sun be- 
teen change and changa on in tho 
time that I carried the globe round the 
ink-horn, and kept always the ſame 
ſide toward it ; you, who were on the 
out- ſide of the cirele in which I earried 
the globe ſo round, -faw' all its fides.' © 

N. You are very right. But I am 
ſorry to hear our breakfaſt-bell: for 

we have not yet dane with the Moon, 


ISV AT RONOMY 2": © 


19 
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On: the MOON's motion opt * „An 
ad s, and the ECLIPSES 7 the, 


2 hi Om | | F 
3 * * 9 
1 
$4 "og , pA 0 . 1 , 4 "3 
* * 
| dd leo 
19% . A * a 4 ad 
g 1 


Go, Siſter ;---if yeſterday had not heels 
Sunday, I believe you would not 
have given yourſelf that yy reſt from 
5 your aſtronomical ſtudies. 3 
- Eudofia, To me, brother; theſe ſtudies | 
are recreations, which I eſteem better 
than bare reſt. And, on Sunday we reſt 
not; but are better employed in the 
duties of the day, than we generally are 
* 22 * other days of the week. 


N. True 3 


85 
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N. True; and therein our duty i. 


doſely connected with our intereſt.-—. 


Shall: we now reſume our ſubject about 
the Moon! as I told you, laſt Satur- 
reer N 6a 412-0 
N. l 
game! and chen the is dope, e will 
purſue it. rs 
E. 1 think the Moon 4 Ane 
appear full as ſcen from the Sun, if ſhe 
were big enough to be ſeen dy an obſer- 
ver placed on the Sun's ſurface. a 
N. She certainly would becauſe, 
whichever ſide of her is turned toward 
che gun at any time, bel ſide would be 
fully enlightened by the Sun. $I. 
Z. And 1 imagine, that if ah obſer... 
ver were placed on the fide of the Moon | 
which always keeps toward the Earth, 
the Earth would appear to him in M 


4 17. 


the different ſhapes that the Moon does 
to us. y. that when the Moon is 
rw to 18, the Earth would be ful! to the 
Mood and when the Moon is full to us, 
| the 


[ 
| 
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the Earth would APs: or K* 0 
1 Moon. * 4 » L169 


+4 ae... WW © 


Earth or Moon is novel toward Is 
Sun at any time, ther fide. is then en- 
lightened by the Sun. And therefore, 
when the dark fide of the Moon Id N 
2. of PLATE IV.) is toward the Earth 
E, the enlightened fide of the Earth is 
then fully toward the Moon and Muſt 
appear to her like a, great full Moon. 
And when the enlightened fide. of the 
Moon at E is fully. toward the Earth, 
the dark fide of the Earth is toward the 
Moon; and therefore it cannot appear 
to the Moon, as the Moon at M does 

not appear to us. And farther, when 
the Moon appears half full io us (or in x 
ber firſt quarter) at ©, che, Each; mi 
appear half decreaſed to the Moon, being 
then half way between its full and 
change, as ſeen from ber. And laſtly, 
when the Moon is. in ber third quarter 

at T, as ſeen from the Earth, the me 

mu 
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muſt appear as in its firſt quarter d the 
Moon; it being then the, middle time 
between the new and full Earth, 28 ſeen 
from the Moonnnmnmn 4 nid 
VN. Ton are exactly right, ſiſter : and 
E the ſurface of the Earth in 18 times 
as large as the ſurface. of the Moon; 
ſurface appears 13 times as big to dhe 
Moon, as the a; of he 111 
Hoes to us. z H 
E. If the RAT inhabited on the 
Frog which always keeps toward the 
Earth, I think theſe inhabitants may a8 
eaſily find n as we can find 
our Latitude. ves. 
| N fell me bow; ES mt 
2 nen en 
well. + * 
222 
to me. you made me underſtand. chat 
if there were a viſible meridian in tbe 
Heaven, keeping always over one and 
the ſame metidian an the Earth, (Which 
it would do if it revolved eafiward in 24 
hours as the Earth does) the Longitude 

6 of 


'l 
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of any other meridian of the Earth from 
that meridian, might as eaſily be found 
as the elevation of the pole above the 
horizon is found. Now, ſeeing that the 
Moon keeps always one and the ſame 
fide toward the Earth, tis plain; that the 
Earth will be always over an obſerver's 
head who is on that part of the Moon's 
ſarface which ſeems to us to be her-cen- 
ter. And therefore, if Longitude on the 
Moon were reckoned from the- meridian 
of that obſerver, thoſe on all her other 
meridians. on the ſame fide, might find 
how many degrees lie between their me- 
ridian and that which is under the Earth, 
by obſerving. how many - degrees the 
Earth is Eaſt or Weſt of their meridian. 
But, as thoſe inhabitants who live on 
what we call the back of the Moon, ne- 
ver ſee the Earth; they are deprived of 
that eaſy method of * their men 
tude. | 
N. Truly, fiſter, tonite 
a very fine ſpeech for that thought: but 
having no talent that way, all 1 ſhall 


"— 4 ad 


| 


Lavy's And; 'T,; 004 


ſay is, en very well pleaſed by | | 
it. 


* Tam very glad t to hear you ſay 

o, becauſe you thereby aſſure me that I 
am right. But now a difficulty occurs 
to my mind, which [ | beg you will uct 
move. 

N. Only tell it me; and l will remove 
it if I can. - 

E. The Moon goes round the Earth 
every month; and as the Earth goes 
round the Sun in a year, the Moon muſt 
do ſo too.----How happens it, that the 


Earth, by moving at the rate of 68,000 _. 


miles every hour, in its orbit, does 
not go off, and leave the on. dos 


_ hind, 


N. The Moon is within the ſpticre ef 
the Farth's attraction : and therefore, let 
the Earth move in its orbit as faſt as it 
will, the Moon muſt accompany ir. For 
you know, that if you put à pebble in- 
to a fling, and whirl it round your head 
the pebble will go round and round your 


head, whether you ſtand ſtill in one - 
and the ſame place, or whether you 


5 walk 
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walk directly forward, i 
circumference of a large circle. A 
the tendency of the pebble to fly offi 
and the force with which you hold that 
firing to confine the pebble in its orbigs 
| will be the ſame in one caſe as in ů 
other, ' 4. 
E. I thank you, brother, for having | 
ſet me right in this matter; and at thef 
ſame time for convincing me, by thei 
ſimile, that the Moon's centrifugal fore : 
or tendency to fly out of her orbit, | 
equal to the power by which the 
attracts her, and thereby retains her 4 
her orbit : for, if her centrifugal: fond | 
were greater than the Earth's attractions 
ſhe would fly out of her orbit, and {a 
abandon the Earth. And if her centris 
fugal force were leſs than the power by 
which the Earth attracts her, ſhe wou 
come nearer and nearer the Earth in eng 
ry ien and would fall upon it * 
* 1 
N. 1 find, dear Endeofia, that you very | 
ſeldom need to be ſet right: and when 
| 2 1 ay 


l 1 3 
4 
_ . 
0 * . 
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1 
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I do, you always improve upon i- by ” 
making farther obſervations. 

E. By the laſt figure you explained, 
it would ſeem, that the Moon goes juſt 
round her orbit between change and 
change. But I think, that as both the 
Earth and Moon go round the Sun in a 
year, the Moon muſt not only go round. 
her arbit between change and change, 
but even advance as many more degrees 
as the Earth has moved in its orbit 
during that time, in order to be, again 
in conjunction with the Sun. For, in 
whatever part of the dial- plate of my 
watch, I find the hour and 'minute- 
hands in conjunction, I obſerve that the 
minute-hand muſt go as much more 
than round to the fame point again, be- 
fore it overtakes the hour-hand, 'as the 
hour-hand advances | in the interval be- 
tween its laſt conjunction with the 1 
minute-hand and its next. | 

N. You are very right; tat 
ference from the hour and minute- hands 
of che watch is full as good as mine 
from the pebble and fling. I drew a 


M2 figure, 


þ 
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figure, laſt Saturday afternoon, in order 

to explain this matter to you by it. But, 
as you underſtand the thing ſo well al- 
ready, we have no occaſion for the 
figure. 

E. Nay, brother ; I beg you ill 

ſhow me the figure, and explain it too, 


if your time will permit. 


N. Then, here it is: (PLATE V. Fee. 1) 
Let ABCDEFG be one half of the Earth's 
orbit; which will do as well for us, 
juſt now, as if the whole of it had been 
drawn. Let & be the Sun, a the Earth, 
þ the Moon when new, or between the 
Earth and the Sun; and i the Moon's 
orbit, in which ſhe goes round the Earth 
according to the order of the letters 
bi EI. and let the Earth, together with 
the Moon and her (imaginary) orbit, go 
round the Sun in a year. *þ 

Draw a diameter 5 of the Moon's 
orbit, when the Earth is at a; ſo as, if 
that line were continued, it would go 
on ſtraight to the Sun's center 8. 'tis 


plain, that when the Moon is in the end 
* of 


© wo 


„ 
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b of that line, ſhe muſt be new, or be- 
tween the Earth and the Sun. ? 

As the Earth moves on, from 6 to 5, 
from 6 to c, from c to d, from d to e, 
&c. the ſaid diameter & b, & b, & b, E B, will 
ſtill continue parallel to the poſition & þ, 
that it had when the Earth was at 4. 
that is, it will always keep perpendicu- 
lar to the bottom- line H 7 of the plate. 
And therefore, if it pointed once toward 
a fixed ſtar, whoſe diſtance from the Sun 
is ſo great, that the whole diameter of 
the Earth's orbit bears no ſenfible propor- 
tion to that diſtance (which is really the 
caſe), the point h would always keep be- 
tween the Earth and the ſame ftar. 

E. I underſtand you very well: but, 
do you ſay The ftars are fixed? | 

N. I do ſay ſo; and will convince you 
3 that they are. 

I beg pardon for interrupting you 
ſo = ---Pray, now proceed. | | 

N. In the time the Moon goes round | 
from 5ᷣ to b again, in the direction bi 2155 
ſhe goes quite round her orbit; which! 
ag would always do between change 

| M3 | and 
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and change, if the Earth always remain- 
ed at a 
But as the Farth advaticts as fav in 
its orbit as from à to h, between any 
change of the Moon and the next that 
ſucceeds it; tis plain, that when the 
Earth is at ö, and the Moon new at'm, 
fhe will have gone more than round her 
orbit from h to b again, by the fpace 
b m. And as all circles, be they ever 
fo great or ever fo ſmall, contain 360 
degrees (a degree being not limited by 
any certain number of miles, but by the 
length of the 36oth part of a circle) the 
fpace h n, by which the Moon has gone 
more than round her orbit, from Her 
change at h to her change at m, will eon- 
tain juſt as many degrees and pits of 
a degree, as the Earth has moved g 
time, from à to ò in its orbit. 2 

At the ſecond change of the Moon 
| from b, the Earth will be at c, and the 
Moon at u: by which time ſhe will have 
gone twice round her orbit from b to 
again, and as much more as the ſpace 


or part bn of her orbit contains, which 
conſiſts 


Lapr's ASTRONOMY, 1 167 | 


conſifts of as Many degrees as the part 
a b c of the Earth's orbit does — ſo 
on, through the whole figure. 
E. I fee all this very p- 113m 4 
that the figure includes ſix changes of 
the Moon, as from ö to n, from m to u, 
from n to e, from 6 to p, from þ to 4, 
and from 9 to 7. — But, at che le of theſe 
changes, it ſeems (by the figure) that 
the Barth has not gone half way round 
the Sun: for the laſt line of conjunction 
Srg is not quite even with the firk line 
of conjunction 3 b &. | 
N. Nor ſhould it bez for if it be 
rightly drawn (and I find I muſt take 
care how I draw figures for you), it mult 
want 53 degrees of the Earth's progrei- 
five motion in half a year. For fix 
courſes” of the Moon, from change to 
change, contain only 177 days, 4 hours, 
24 minutes, 18 ſceonds, which wants 
5 days, 7 hours, 35 minutes, 42 ſe- 
conds, of 182 days, 12 hours, which 
is the half of a common year. And, in 
that difference of time, the Earth moves 
M4 ſomewhar | 


j 
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ſomewhat more than 5 degrees in * 
orbit. 

E. I remember you told me, tba lis 
time from change to change is 2 9 days, 
12 hours, 44 minutes, 3 feconds : 
pray, in what time does the Moon 19 
round her orbit? 

N In 27 days, 7 hours, 43 minutes, 
5 ſeconds. 

E. And how far doth the Earth move 
in its orbit between change and change 
of the Moon? 

N. Twenty nine degrees, fix minutes; 

- twenty-five ſeconds. And here you are 
to underſtand, that a minute is the 6 oth 
part of a degree, and a Rome is 0 
6 oth part of a minute. 
E. Then, 'tis plain, that e 
. change and change, the Moon goes 29 
* degrees, 6 minutes, 25 ſeconds, more 
than round her orbit. 

N. True, Eudsfia; and now 1 have 

only to tell you farther, on this ſubject, 
that the Moon's going round ber orbit is cal- 
led ber periodical revolution ; and that her 
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going round from change to change is ce 
her ſynodical revoluticu. | 

E. I thank you, Sir, for nig told 
me ſo much.---But are you not tired at 
preſent with hearing and ee * 
queſtions? 

N. Very far from it 1 hom theſe 
ſubjects; and my talking with you about 
them will keep me from forgetting them. 
E. Then, I ſhould be exceeding glad 

to know ſomething about eclipſes. | 

VN. You ſhall know that very ſoon... 
In Fig. 2. of PLATE V. let $ be the Sun, 
M the Moon, and E the Earth; abecd 
the Moon's orbit, in which ſhe moves 
according to the order of the letters; 
and Cd D a part of the Earth's orbit, 
wherein it moves in the direction C D. 
The ee en e 8 
full when ſhe is at sw. 

Draw the ſtraight line Ae E PIE, 4 
eaſtern edge of the Sun, cloſe by the 
eaſtern edge of the Moon, to the Earth 
E: then draw the ſtraight line B e E from 
the weſtern edge of the Sun, cloſe by tlie 

| weſtern edge of * the Earth 

ö E. Let 


("YG 


\\ 
BY | 
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E. Let theſe lines be — ith 
round the middle line F M E; and the 
ſpace ee, within them, between the 
Moon and the Earth, will include the 
Moon's dark ſhadow, which is of a cont 
cal figure, (like an inverted. fugar-loaf) 
and covers only a ſmall part of the Earth's 
ſurface at E. and only from that. fmall 
part, the Sun will be quite hid by the 
Moon, and appear to be totally eclipſed; 
and it can be quite dark only at that part, 
| becauſe the Moon flops not the whole of 
the Sun's light at that inſtant. of time, 
from any other part of the 'Earth..—'Tis | 
evident, that if the Moon were nearer 
the Earth, her dark ſhadow would cover 
a larger part of its ſurface: and if the 
were farther from the Earth, her ſhadow 
would end in a point, ſhort of the 
Earth's ſurface ; and then, ſhe could not 
hide the whole body of the Sun from 
any part of the Earth; and thoſe who 
were juſt under the point of the dark 
ſhadow, would ſee the edge of the Sun, 
like a fine luminous ring, all OUT the 
dark body of the Moon. 


Bur, 
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But, akhongh the Moon can hide the 
_ body of the gun, only fron a 
fmall part of the Farth, at any time, 
when the Sun appears to be thus eclipſed 
by the Moon; yet, in all fuch eclipſes, 
the Moon hides more or leſs of the Sun 
from a very large portion of the Earth's 
farface. For, 

Draw the ſtraight line Af o from the 
eaſtern edge of the Sun, doſe by the 
weſtern edge of the Moon, to the Earth 
at o. Then draw the ftraight line Bf n 
from the wefterti edge of the Sun, dofe 
by. the eaftern edge of the Moon, to the 
Earth at n. Let thefe lines (Afo and 
B Fu) be ſappofed to turn roumd the 
middle line Y M E, and their ends (ꝝ and 
5) will defctibe a large circle on the 
Farth's fur face, around E; within the 
whole of which circle, the Zug will ap- 
Perr to be more or leßs eclipfed by the 
Moon at M, as the plates within that 
circle are more or lefs diftant from its 
center F,' where the dark ſhadow falls. 
— when the Moon is at M, an obfer- 
422 


edge 


7 — 


I] 
1 


172 The Touxc GENTLEMAN and 


edge of the Moon, juſt, as it were, 
touching the weſtern edge of the Sun at 
B; and an obſerver at o will ſee the 
weſtern edge of the Moon, juſt, as it 
were, touching the eaſtern edge of the 
Sun: but to all the places between z and 
o, the Moon will hide a part, or the 
whole of the Sun, according as they lie 
between n and E, or between 0 and E, 
or directly at E.---This faint ſhadow, all 
around the dark one, from n too, on the 
Earth's ſurface, is called the Penumbra, or 


partial ſhadow of the Moon. 


E. How many miles are contained in 


the diameter of the circle which the pe- 


directly in a right line from the Sun's 
center to the Earth's, at a mean rate.---- - 


numbra fills, on the Earth's ſurface ? 
N. About 4700, when its center falls. 


But when the Penumbra falls obliquely 
on the Earth's ſurface, its figure thereon 
will be elliptical; and then, the ſpace. 


that it covers will be much larger ; e- 


diſtance from the Earth. * | 
| E. Wha | 
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E. What! brother: is not the Moon's | 
diſtance from the Earth er bn the 
ſame? 

N. By no means : | for the Moon's or- 
bit is of an elliptical (or oval) figure; 
and every ellipſis has two centers, which 
are between the middle and the ends of 
its longeſt diameter: and the Earth's | 
center is in one of the centers (or, af they 
are called, focuſes) of the Moon's elliptical 
orbir.----So that, when I formerly told 
you, that the Moon's diſtance from the 
Earth's center is 240,000 miles, I only 
meant her mean (or middle) diffance be- 
tween her greateſt and leaſt diſtances, 

E. Then I underſtand, that the Moon's 
diſtance from the Earth muſt be con- 
tinually changing.----But ſuppoſing the 
Sun-to be eclipſed when the Moon is 
at her leaſt diſtance from the Earth; 
what is the diameter of the ſpot upon 
the Earth's ſurface that would be quite 
covered by the Moon's dark ſhadow; 
from all parts of which ſpot, 'the Sun 
would be totally hid by the Moon? 

VN. About 1 90 miles. | . 


A 


1 
1 
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E. As the Moon's diſtance from the 


Earth is little more than a 396th part 


of the Sun's diſtance from it, (as I have 

computed) I ſuppoſe the Moon's ſhadow 
at the Earth will move almoſt as faſt as 
the Moon moves in her orbit.---Pray, in 
what time will the dark part of the ſhadow 
move over about 180 miles of the Earth's 
ſurface? 


N. fn four minutes and an half: and 


would go over that ſpace ſooner, if the 
Earth's motion round its axis (Which is 
eaſtward, and conſequently the ſame way | 
that the Moon's ſhadow goes over the 
Earth) did not keep the place on which 


the ſhadow falls, longer in the ſhadow 
than it would be, if the Earth had no 
ſuch motion. 


| 


E. Then an eclipſe. of the Sun can - 


never continue total, above four minutes 


N. It never can, even when it falls on 
the Equator, where the parts of the 
Earth's ſurface move the quickeſt of all. 
And when it falls upon any part af 


Britain, whoſe motion is lower, becauſe 
be it 


and an half, at any place of the Earch? 
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glad to have the cauſe of he Moon's 
eclipſes explained. 

N. In the fame figure, drew as 
ſtraight line Age from the eaſtern edge 
of the Sun, cloſe by the eaſtern edge of 
the Earth at g; and the ſtraight line 
Bhbk from the weſtern edge of the Sun, 
cloſe by the weſtern edge of the Earth at 
E- Let theſe two lines be ſuppoſed to turn 
round the middle line FMm, and they will 
include the ſpace between the part which 
is filled by the Earth's ſhadow g EB 
Tis plain, that, when the Moon is at 
m in her orbit, ſhe is totally covered by 
the Earth's ſhadow, and eclipſed by it; 
as it muſt then fall upon her, becauſe the 
Earth is between her and the Sun. © 

- E. But how is it, that the Moon is 
at all viſible, when the Earth muſt en 
tirely ſtop the Sun's light from falling 
upon her, and ſhe has no light of her 

own! For, the ſame fide of the Moon iT 

that is toward the Earth at her change, 
1s alſo toward the Earth at her full 
And, as we cannot ſee her at the change, 

1 ſhould think we could not ſee her 
when 
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whe the is wtally eclipſed; dend s | 
ſide of her which is dark in the former 
caſe, when the Sun caunet ſhine upon 
it, ſhould be as dark in the litter Wer 
the Earth intercepts the Sun's rays from 
it.—But the Moon was very viſible in her 
laſt total eclipſe; for I lat her, 'abd he 
appeared of a colour ſomewhat like that 
of ratniſhed copper.” w NI ian A 
N. You are very ſhrewd in your re- 
marks, fiſter and 1 WII tell yo why 
the Moon is not inviſible when ſhe is 
totally cares at 36 245d { pew t 
The air, of atmoſphefe, which dur! 
_ rounds the Earth, 10 the heighic of about 
4% miles, is the cauſeoP this. For, "alt | 
| — rays of the Sun's : light which paſs 
the atmoſphere,” all arou⏑, the 
B in the boundary / Hef light 
and darkneſs, are, by the aträoſphereg 
bent in ward, toward the middle of the 
Earth's ſhadow: and thoſe rays, ſo nt 
ed with the ſhadow,” fall dpon the Moot, , 
and do enlighten her in ſome ſmall @e> | 
gree. She reflects the rays back to the 
Earth which fall upon her, and ſo ſhe 
e 


g | 


RE 


g 
* 
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the Earth had no atmoſphere, us ſhadqur 
would be quite dark; and the Moon, 
would be as inviſible, when the, ig; to- 
_ tally immerſed. therein, as the i ar; the, 
time of her change. ALS G44 
E. I thank yqu, hyother, for all-theſe 
fone but I ſtill want more. 
N. Only ſay what they 805 51 
will inform vou if I can. A l ay 
16 e eee | 
the Syn, can never be eclipſed. (in a natyle. 
ral way) but at the time of new Moon. 4 
becauſe: the Moon's ſhadow cannot fall 
upon the Earth at any other times and 
that the Moon can never be eclipſed but 
when. ſhe is full; becauſe hat is; the - 
only time when the Earth's ſhadow n 
fall upon her. But though, we have az 
new and a full Moon in every month of 
tions hut very few eclipſes; and gene: 
rally, about half a year nnen 
times of their happening. \. bij 
MN. If the Moon's: orbit 44 lay 
Ne even (or in the wann 
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the Earth's orbit C4dD,; as it is dran 
on the flat paper, the sun wauld bg 
eclipſed at the time af every new Moan, 
and the Moon: at the time of every full. 
But one half of the Mogn's arbit lies on 
the North - ſide of the plane of the Eagth's 
orbit, and the other balf on the South» 
fide of it: and eonſequently, the Moons 
orbit only croſſes the Earth's: orbit in 
dea appolire, Paintacr- Wapen eilber of - 
theſe. paints. are between the Eartb and 
the Sun, or nearly fo, at the time af 
new or full Moon, the Sun or Moon will 
be eclipſed accordingly, _ But, gt all 
other new Moons, the Moon either pa 
ſeth. above or below the Sun, 36 ſeep 
from the Earth: and, at all ather full 
Moons, the Moon. either paſſeth above er 
below the Farth's ſhadow. One of theſe 
points is called the Aſcending Nate of the 
Moon's orbit ; becauſe, when the 
has paſt. by it, ſhe aſcends nartbward, or to 
us, above the plane of the Earth's orbit 
and the oppoltte point 18 called the Pęſcend- 
ing Node of the Moon's orbit; berauſd, 
as ſoon as ſhe has paſt hy it, ſhe deſcegds 
. | N 2 ſouthward ; 


the Weſt, contrary to the Moon's m 


be glad to know what theſe diftances 
| are? 2 Y ow 


0 
1 
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ſouthward ; which, to us in the northern 
parts of the Earth, is below the 17 85 
of the Earth's orbit. 

E. suppoſing that either of theſe 
nodes were between the Earth and the 


Bun juſt now; how much time would 


hs before the other could be ſoꝛ 

N. It would be juſt half a year, i a 
Ys: Arava from the one to the other 
kept always parallel to its preſent poſi- 
tion (like the above-mentioned diameter 
of the Moon's orbit, & B, in Fig. 1 2): but 
the nodes move backward, or toward | 


tion eaſtward in her orbit, at the rate of 
193 degrees every year.---S0 that, from 
the time of the Sun's being in conjune- 
tion with either of the Moon's nodes, 
to the time of his being in conjunction 
with the other, is only 1 7 3 days, 7 
hours, 3 minutes. 

E. As there muſt be fa diſtance 
from theſe nodes, within which the 
Sun and Moon muſt be eclipſed ; I ſhould 


N. They 


- 
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. They are only 17 degrees for the 
Sun, and 1.2 for the Moon. 

E. Now, let me ſee.----The Moon) 8 
whole orbit contains 3 60 degrees ; of 
which there are only 17 on each ſide of 
each node, within which the Sun may 
be eclipſed. Twice 17 is 34. about 
one node, and there are as many about 
the other: in all, 68 degrees out of 
360, for eclipſes of the Sun, And, as 
there are 12 degrees on each fide of 
each node, within which the Moon can 
be eclipſed ;. there muſt be no more than 
48 degrees in all out of the whole 360, 
for the eclipſes of the Moon. Am 1 
right, brother? If I am, tis no wonder 
that we ſhould have ſo many new and 
full Moons, and fo few eclipſes. | 

N. You are quite right, Eudeſia; and 
I am very glad to, find that you make 
ſuch a quick progreſs, | 
E. I know that the times of eclipſes 
may be calculated before hand, becauſe 
I ſee they are always. predicted in the 
almanacks. Can you calculate W 

* Yes, 


N 3 E. 1 


4 
| 
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E. I with you would teach me to do 
ſo too, if you think I have a fufficient 
capacity for that branch of ſcience. 
VN. You have much more; and Twill 
ijnſtruct you with pleaſure ; for you have 
not only learnt the four common rules 
of arithmetic, but even as far as the 
Rule of Three. And, in theſe calcula- 
tions, no farther arithmetic is neceſſary 
than addition and ſubtrafon., But you 
muſt learn firſt to calculate the times of 
new and full Moons. 
E. That I will do, wits x very gren 


pleaſure. 
N. Then we will ſet about it to mot⸗ 


row morning, if you pleaſe: but che 
whole will take up a week at leaſt: dur- 
ing which time, we muſt TINGS: our 
uſual confabulations. — 
E. I wiſh to-morrow were come trendy, 
N. You remember the book which you 
ſaw, a few days ago, in this room; in 
which you told me you had taken notice 
of ſomething concerning the Ecliptic 
and its ſigns. Did you look at the rithe- 
page of that book "8 
8 Z. 1 


_ 16 70 'Lapr's AeTRONONT:" 183 


. I remember me bock very 2 | 
but did not look at the ũtle- page. 

N. It is Fergu/on's Aſtronomy. Ida 
tor in dh Mir. LCadel's ſhop, in che Strand, 
oppoſite Catharine ſtreet; on purpoſe io 
make you a preſent of it. There it is; 
and I am ſure you are. qualified to read 
and underſtand it. | 

E. I heartily thank you, dear Nean- 
der, for this preſent, 

N. There are in it plain and eaſy 
tables and precepts for calculating the 
true times of new and full Moons and 
eclipſes. And, if you have any ſpare 
time to-day, I with you would begin, 
by yourſelf, to read the precepts, and 
compare them wih the tables, and with 
the examples of calculation. And then, 
if you find any thing difficult, mark it; 
and I will help you out to-morrow 
morning, Mean time, if there be any 
thing elſe, which you would have us 
to talk about, before we are called to 
breakfaft, (which is later than wid! to 
day) tell me what it is. 

1 E . 1 
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DIALOGUE v. 


On the CAUSE of þ— EBBING and. 
FLOWING of te 8 KA. 
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you are very iO fiter... 120 
drawn out ſome” figures for you 
fince breakfaſt ; and, juſt as you entered 
the room, I. was putting the laſt letter of, 
reference to them. Here they are. 
- Eudofia. I thank you, brother; and 
do ſuppoſe that, by theſe” figutes, you 
intend to explain the cauſe of the edbng 
and flowing of the Sta. 
VN. I do-In N. 1, of PLATE VI. let 
435 CDA be the Earth, all covered with 
water _ the top of an iſland . 
TY |} ' 
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Let the Earth be in conftant motion, turn- 
ing eaſtward round its center F, every 
24 hours, according to the order of che 
letters ABCD; and let M be the Moon, 
moving eaſtward in her orbit Oo, as 
from M to o in 24 hours, 50 minutes. 
Jou know that the Earth and Moon are 
within the reach of each other's attrac- 
tion; and therefore, as the Earth at- 
tracts the Moon, ſo the Moon re- attracts 
the Earth. 

E. Yes, Sir. 
N. Do you remember my telling you, 
ſome days ago, that the attraction di- 
miniſhes, as the ſquare of the diſtance 
from the attracting body increaſes? - 
E. I remember it very well. 
N. Then you know, that the Moon 
muſt attract the fide 4 of the Farth 
# which is neareſt to her (at any time) 
with a greater degree of force than ihe 
attracts the Earth's center E; and that 
ſhe attracts the center E with a greater 
degree of force than ſhe attracts the fide 
C of the 58 which is your Carving 

| FOO: her, 


5. Certainly 
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E. Certainly, 
N, And that the Earth and Moon 
would fall towards one another, 'by the 
power of their mutual attractions, if 
there was nothing to hinder them: and 
that the Moon would fall as much faſt. 
er toward the Earth than the Earth 
would fall toward the Moon, as the 
quantity of matter in the Earth is great- 
er than the 3 of matter in the 
Moon. 
E. Undoubtedly fo ; becauſe every 
particle of matter attracts with an equal 
degree of force ; and therefore, the body 
which has the greater quantity of mat- 
ter muſt attract the other with IRE 
the greater degree of force. _ Oey. 
VN. Well done, Eadea. Let us now 
ſuppoſe the Earth and Moon falling to- 
wat#each other. The earthy parts of 
our globe being connected, and coker- 
ing together, would not yield to any 2 
differente of the Moon's attractive force; 
but would all move equally faſt toward 
the Moon : as if a cord were tied to each 
end of a great folio hook on the table, 


1 
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and you ſhould pull one cord with the 
force of four pounds, and 1 pull the 
other cord the ſame way with the force 
of eight pounds, ſo as to move the book. 3 
all the parts of it will move equally 
Faſt, notwithſtanding the different forces 
by which you and I pull it. But the 
waters are of a yielding nature; the co- 
herence of their particles being very 
ſmall : and therefore, they will be diffe- 
rently affected, according to the different 
degrees of the Moon's attractive force, 
at different diſtances from her. | 
And therefore, as the waters at 4 are 
more attracted by the Moon than the 
Earth is at its center E, they move faſter 
toward the Moon than the Earth's center 
does; and conſequently, with reſpe& to 
the Earth's center, they riſe higher to- 
* ward the Moon, as from A to a: and as 
| the center E moves faſter toward the 
Moon than the waters on its ſurface at 
C do; the waters at C will be, as it 
were, left behind: and conſequently, 
„With reſpect to the center E, they will 
be raiſed, as from C to c. 


1. 2 
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E. So far, I underſtand you ew 
well. 

N. But as there is ſtill the ſame quan- 
tity of water on the whole Earth, the 
waters cannot riſe at one place without 
falling at another. And therefore, 
the waters muſt fall as low at 6 and 4 
as they riſe, at the ſame time, at à and 
c fo that an obſerver placed over E, at 
a diſtance from the Earth, would ſee the 
ſurface of the waters not of the round 
ſhape ABCD, as they would be if the 
Moon did not diſturb them by her at- 
traction, but of the elliptical "ge 
2 : 

Then, as the Earth turns band 
round its axis, tis plain, that when the 
illand 4c is at 4, it will be in the bigh 
water, under the Moon M. when it is 
at B, it will be in the low water, fix hours 
from under the Moon: when it is at C. 
it will be in the high water again, twelve 
hours from under the Moon: and when 
it is at D, eighteen hours from being 
laſt under the Moon, it will be in the 
= water _—_ So that, if the Moon 

HE had 
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bad no progreſſive motion in her orbit 
Oo, but kept always in the ſame right 
line 4 M., the ifland 4 a would have two 
ebbings and two flowings of the Sea ever 
ry 24 hours. 

E. It would. But I fad the riduoinne 
put down, in my almanack, later ever 
ry day than on the day before. And 

now, I apprehend the reaſon of this to 
be, that as the Moon goes eaſtward 
round her orbit in a month, and the 
Earth turns eaſtward round its axis eye» 
ry 24 hours; the Moon makes part of 
a revolution in the time that the Earth 
makes a whole rotation: and therefore, 
the Earth muſt turn as much more than 
round 18 axis, before the ſame iſland 
can come even with the Moon again, as 
the Moon has advanced in .h&r orbit 
* during that interval of time. 
N. You. are right, Eudy/ia for, in 
the time of the iſland's revolving from 
A to A again (in the direction FBCD A 
*which is 24 hours; the Moon moves 
from Malmoſt-to o in her orbit: and 
.. after the iſland bas come 


round 
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round to 4 again, it muſt move on from 
A to e, before it can be in the middle of 
the tide of flood the next day, under the 
Moog, which will dave then moved from 
A tO o. 

B. How long is the iland in moving | 
—— a DIE | 

N. Full ge minutes: 190 0 W 
later are the tides every day than they 
were on the day before. The ſailors 
call it only 48 minutes; and it would 
be exactly ſo, if the Moon were 30 com- 
pleat- days and nights in going round 
from change to change. But as the 
time is only 29 days, 12 hours, 44 
minates, 3 ſeconds, (at a mean rate) 
ſhe; muſt move a little farther every day 
than ſhe would if ſhe took the full 30 
days: and this difference. is equal ta 
about 2 minutes of time, obo as 
motion on its axis. 
Wer . as. the Moon br ; round 
294 — — bb en 
A can only come 2 8+ times round 
from the Moon. © the Moon. again, in 
that 


4 
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chat time ; and conſequently, i it can have 
no more than twice that number of tides 
of flood, at a and e; or 57 tides of flood, 
and as many of ebb, between cg 
and change of the Moon. 

N. You are very right: and colts 
quently, in two courſes of the Moon, 
from change to change, which is 39 
days, 1 hour, 28 minutes, 6 ſeconds, 
there are only. 5 7. double tides of _ 
and as many of eb. 

E. This account of the tides whe be 
extremely natural, and eaſy to be un- 
derſtood, if the Earth and Moon were 
continually falling toward one another. 
But ſeeing that the Moon's motion in 
her orbit gives her a centrifugal force, 
equal to the force with which the Earth 

. attracts her, ſhe cannot fall toward the 
* Earth at all. And, from what you told 
me, in our ſecond dialogue, about the 
Earth and the Sun; I'ſhould think, that 
if the Earth itſelf did not deſcribe a 
ſmall orbit round the common center of 
gravity between it and the Moon, in the 
time the Moon goes round her orbit, 
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the Moon's attraction would take the 


Earth away, as it could have gg centris 
fugal force to balance her atE Ni 


On. 

N. Dear ſiſter, you canfiot imagine 
how much pleaſure it gives me to talk 
with you on theſe ſubjects; on account 
of the proper inferences and applica- 
tions you make. The Earth and Moon 
do really move round the common cen- 
ter of gravity between them, every 
month : and it is that center of gravity 
that deſcribes the very orbit in which the 
Earth's center would move round the 
Sun in a year, if ann * no Moon 
to attend i... 

E. Lou may thank yourſelf, — 
for all thoſe inferences and applications 
as they only reſult from your explana- 
tions, and leading me ſo gradually on, 
from one ſubje& to another. But, pray 
how many miles is it from the Earth's 
cetiter to the common center of gravity 
between the Earth and Moon? Undoubt- 
edly, that diſtance, compared with the 
Moon's diftance from the Earth's center, 
maſt; be in TE tothe quantity of 

we F matter 


x 


194 The Young GENTLEMAN and 


matter in the Moon compared with the 
quantity of matter in the Earch If you 
will tell me how much greater the 
quantity of matter in the Earth is greater 
than the quantity of matter in the Moon, 
I will try to compute how far the com- 
mon center of gravity n them as 
from the Earth's center. 

N, The Earth's — matter is 
40 times as great as the Moons. 
E. Very well. And the Moon's mean 
diſtance from the Earth's center is 
2 40, ooo miles. Now, I divide 2 40,000 
by 40, and the quotient is 6600; which 
I think, muſt be the diſtance of the 
common center of gravity between the 
Earth and the Moon, from the Earth's 
center: and, that the ſaid common cen- 
ter of gravity muſt always be in a right 
line between the centers of the Earth 
and Moon; becauſe both theſe bodies 
move round it. Am right, brother? 
VN. Indeed you are: and, before we 
talk further about the common center 
of gravity between the Earth and the 
Moon, I will endeavour to illuſtrate this 


*. 
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affair about the tides to you in a different 
manner from what I have done. For 1 

find, that even if I had intended to e- 
plain it by the falling of che Earth and 
Moon toward each other, you would 
have - juſtly believed that 1 Was mines. 
ing ou. 

Munde Kemi Soria tie 2.) 4BCD, 
of thin plate braſa. Tou fee it is very 
flexible : for, as 1 pull our the parts A 
and C to-4 and c, the parts B and D fall 
in tob and d; and the hoop becomes of 

the elliptical ſhape ab d. 

E. True --and juſt like the ſhape of 
he ſurface: ab cd of the water, (in Fig. 
1.) as affected by the Moon's atraction. 

N. But, if I quit my hold of the 
beop at 4 and c, it will return to its 


former circular ſhape 4 BCD. ., 
eee now you have ieh 
at Mberty. A 


N. and, if 46095 Moon's attractions 
| ſhould ceaſe (Rz. r.) the waters gd 
would return, from tbeir eihpticat 
ſhape abe d, to their former round ſhape. 
FE 2218513 
Es „ Bob 


L Fa 
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E. Yes; for they would run from 

the higheſt parts 4 and c to the loweſt 

parts 6 and d, till their ſurface was 

22 diſtant from * Earth's centex 
E, all around. 

N. Now, I tie the end 4 (Fig. 2.) of 
the ſtring AH to any part, as 4, of the 
circular hoop ABCD, and take hold of 
the other end H of the firing with my 
hand; If I whirl the hoop round my 
head like a fling, what 00 ck m_ 
will happen? t 

E. Why; the hoop will endvibor 1s 
fly off, as a pebble in a fling would do. 

N. True; but do you think that all 
the parts. of the hoop will then have an 
ny tendency to fly off ? e 

E. Let me conſider.--.-I think they | 
will not. For, as the part C will go 
round your head in the ſame time as 
the part 4, but faſter, becauſe it is fur- 
ther diſtant from your hand; I ima- 
gine, that the part C will have as much 
more tendency to fly off than the part 
A has, . 


peer der. 


N. nan 


Laps ASTRONOMY, 197 


- N. Exactly ſo, becauſe it will move 
ſo much faſter, as the circle it deſcribes 
is larger. Now obſerve, I whirl itround 
my bead. What ſhape is it now of? + 
E. It is of the elliptical ſhape abcd. 
VN. Yes, for the tightneſs of the firing 
draws out the fide next my hand, from 
Ato a; and the centrifugal force of the 
other fide throws it out as far, from C 
to c. And now, if an inflexible circu- 
lar ring (like the rigid Earth) ABCD 
ſhould lie upon the elliptical hoop «bc d, 
and turn 29 times and an half round 
the center E, in the time the hoop and 
circle were moved once round my head; 
would not any point, as 4, of the cir- 
cular ring, come ſucceſſively even with 
the higheſt parts 2 and c of the elliptical 
hoop,” and with the loweſt parts b and 4 
of it; as the Iſland Aa (Fg. 1.) comes, 
to the high water at @ and 6, and the 
low water at c and d, by the, Earth's 
motion on its axis? 8744 5 66 t 

E. It would. And 1 think "a Fig. 3. 
is ſome what analogous to Ng. 2. 
; @ 43-1 N ee 
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NM. It is very much ſo ; and now is 
the proper time to explain Fig. 3. 
Let ABCD be the Farth, M the Moon, 
Os the Moon's orbit, and G the com- 
mon center of gravity between the Earth 
and the Moon, round which both theſe 
bodies move, once a month ; the Moon 
in the direction Oo, and the Earth in 
the direction EB. By this motion, all 
the parts of the Earth will have a cen ; 
trifugal force, or tendency to fly off in 
or parallel ro the line AFC: and the 
contrifugal force of each part will be 
directly in proportion to its diſtance from 
the common center of gravity 6; he- 
cauſe the fpaces through which theſe 
parts move, will be reſpectively as their 
diftance from G ; that is, as the ſemi- 
diameters of thoſe circles which they all 
deferibe in the fame period of time, 
Thus, the centrifugal force of the point 
A will be as the line 4G; the centri- 
fugal force of the center E will be as 
ne line F G; and the centrifugal force 
of the point C will be as the line CG 
for the point A deſchibes the ſmall circle 

af 
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Ae f GA wm the time the point E de- 
ſcribes the larger cirtle E bit E, and in 
larger circle CImn C; Which is in a 
month; and. in that time, che Moon 
goes round her orbit Oo. 
1 — $ attraction at theEarth's cert» 
ter E exactly balances the Earth's cencrifu+ 
gal force at E; andconſequently retains the 
center E in the orbit E DEE. But her at- 
traction at 4 is greater than at E, and 
leſs at C than at E. 80 that where the 
Moon's attraction is greateſt, as at A, the 
centrifugal force is leaſt ; and therefore, 
the exceſs of attraction cauſeth the was 
ters to riſe, as from A to a, on the ſide 
of the Earth which is at any time 
neareſt the Moon M. But, at C (the fide 
which is then fartheſt from the Moon) 
the attraction ' is leaſt, and the centris 
fugal force greateſt : and therefore, tho 
Waters will riſe as high from C to 4, by 
the exceſs of the centrifugal force there; 
as they riſe on the oppoſite ſite from 4 
to 4 by the exceſs of the Moon's attrae; 
nion. Are you ſatisfied now, Eudeſia? 
O0 4 E. J 
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E. I was ſadly afraid, that the riſing 
of the tides on the fide of the Earth 
which (at any time, by its motion on its 
axis) is turned away from the Moon, 
would be very difficult to account for; 
But you have made it juſt as plain, that 
they muſt rife as high on the ſide of the 
Earth which is oppoſite to the Moon, as 


* they do on the ſide which is under the 


moon. Did you ever ſee this een 
by any experiment? 

N. Yes; I have ſeen Mr. Ferguſon do 
it, to the ſatisfaC&tion of every obſerver, 
by a plain experiment in one of his 
machines, called the Vbirling Table; and 
He is the firſt that ever did ſo. He has 
given a full account of it in his Lectures 
on Mechanics, Hydroſtatics, Pneumatics, Optics, 
with the uſe of the Globes, and the Art f 
Dialing, In that book, there are plates 
of all his machines for the above pur- 
poſes. I ſhall ſend for it from Mr. 
Cadell's ſhop to-morrow, and make you 
a preſent of it, on account of the quick 
* you. have made | in n aſtronomy 1 

| aud 


L 


* 
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and then you can by yourſelf, learn a 
wirt of experimental philoſophy. '* 

wy Indeed, brother, you lay me un 
tis fo many obligations, that I ſhall 
never be able to make you any proper 


return for them. But there is one thing, 
that I had "almoſt forgot to aſk yo. 
Pray, what is meant Nee mw 3 
neap tides ? 

N. The Earth is fo ſmall; in com- 
pariſon of its diſtance from the Sun, 
that the Sun's attractive force is nearly 
equal on all parts of the Earth: and 
therefore, there can be but little dif- 
ference between the centrifugal foree on 
the ſide of it which is next the Sun, and 
the centrifugal force on the oppoſite fide, 
But ſtill there is ſome difference, as the 
Earth moves on in its orbit. And there- 
Fore, if the Earth had no Moon to attend 
it, there would be ſmall tides occaſioned 
by the Sun. Conſequently, when the 
Bun, Moon, and Earth are all in a right 
line (which they are at the time both of 
new and full Moon) their joint actions 
Foncur; and ſo, raiſe the tides higher 
11 1 at 
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at theſe times than at any other: 
this is called the Spring Tides, - 
when the Moon is in ber quarters, l 
action on the tides is crg/5-wiſe to 
Sun's ; for then the Sun is in a line wich 


conſequently from riſing { high under 
and oppoſite to the Moon, as they would 
do by the action of the Moon, if the 
Sun did not diſturb them at all; and this 
is called the neap Tides,  _ 
E. I underſtand, you very well j and. 
do ſee plainly, that a ſtraight line drawn 
from the Moon's center through the 
Earth's center, would be in the higheſt 
part of the tides on both fides of the 
Earth, | 
N. You are a little 1 in bn 
point, Eudsfia ; which may be owing to 
its being ſo repreſented in the figures. 
But, I am ſure you would not have been 
ſo, if you had remembered what I told you 
| inour firſt Dialogue; namely, that all bodies 
which are put into a ſtate of motion will 
n in that motion, till ſomething 
ſtops 


9 
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ops their courſe. If you put water 
into a baſon, and give it à little Make, 
and then ſettle the bafon ſuddenly ; the 
water will rife a lietle farther, on the 
ſide to which you gave it che motion, 
after the baſon is ſertted again; than i 
did in the inſtant when yoti ſettled it. 
Pray, have you forgot your fall in the 
boat, "Wikia If Reich n Wb ne 
the river ? 

Z. 1 have nor, brother; nd the in- 
ference is plain. 
VN. R n: and therefiite' mu know, 
that when the waters are pat into a riſing 
ſtate of motion by the action of the 
Moon; they would rife a little higher; if 
the Moon were annihilated at the inſtant 
of her being on the meridian, even of a 
place where ſhe was directly over head. 
that althongh' the Moon's attraction at 
any place is greateſt when {he is on the 
meridizn of that ptace, becauſe ſhe is 
then the neareſt that ſhe can be to the 
place om that day; yet her attraction at 
the place does not then craſe, but con- 
* tinues 
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4inues for ſome time after ſhe has paſt 
the meridian: and this continuance of 
attraction, tho' weaker, will cauſe the 
waters to keep on in their riſing ſtate, 
till the attraction juſt, balances the ten- 
dene) of the waters to fall back again, 
- $1 thank you, brother, for ſetting me 
Tight, But, pray, how long is the Moon 
paſt the meridian when the water is at 
the higheſt? _ 

NM. If the Earth was ** all over 
with water, ſo as the two; eminences of 
the tides at à and c might regularly fol- 
low the Moon; ſhe would always be 
three hours paſt the meridian of any 
given place, when the tide was at the 
higheſt at that place. But, as the Earth 
is not all covered with water, and the 
different capes and corners of the land 
run out all manner of ways into the 


oceans and ſeas; the regular courſe of 
the tides is much interrupted - thereby 
and alſo by their running through thoals 
and channels. So that, at different places, 
the tides are higheſt at very different 
dillances of the Moon from the meridian, 

Bur, 


- 
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But, at whatever diſtance the Moon is 
from the meridian, on any given day, 
at any place, when the tide is at its Height 
there; it will be ſo again on the next day, 
much about the time when the Moon is 
at the like diſtance from. def e RA 
again. 

E. You have quite ſatisſied me about 
the tides: and how I will go to my roi 
and ſtudy Ferguſon's method of calculat- 
ing the times of new and full Moons. 


* 
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DI ALOG U E IX. 


Hing 


5: # * 0" 


— heed STARS, 7 POLAR: 
en n Tae en 


11 tk 


58115 19 AS 
1 


Neander. 


HAT is the matter, ſiſter - Sure 

ly you could not have gone to 
your room and returned, ſinoe your left 
me. 

Eudofia. I had fearce 8 out of this” 
room, when ſomething came into my 
mind, which was, that you promiſed 
me, ſome days ago, to demonſtrate 
that all the Stars are at reſt. And 
leſt I ſhonld forget it again, I now beg 
leave to re-mind you of it, if you have 
kifare at preſent, . 
| N, For, 
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NV For that, I refer you s \Ferguſin's 
aſtronomy: and, before you haue read 
the firſt three chapters, you will not. only 
be convinced that all the Stars are arreſt} 
but alſo that they are guns to innume - 
rable ſyſtems of planetary worlds, as 
our Sun is to its own. ſyſtem of planets. 

E. What! other Suns, and planetary 
worlds en GN ee 
me! . (119 | 
VN. The Doity is indole; in all his 
perfections: and as he has power enough 
to create and place Suns and worlds 
throughout the whole inſmieude f 
ſpace, fo: he has goodneſs enough tô i- 
duce him to do it. But now, if von 
pleaſe, 1 will tell you of ſbmething 
which I did not think of before; name 
ly, to inform you of the difference be- 
tween lar and Su im. 

E. Vou ſpeak too learnedly for te 
juſt now, brother; and it is the firſt 
time you ever did ſo. Rt i (GT 
N. Solar time is the time meaſured = 
by the Sun's apparent motion round the 
Earth ; and Sydereal dme is cbe tie 
CHU e 7 _ meaſured 
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meaſured by the 2 in 1 _ 
motion round it. os In 
E. Now 1 — you: ada have 
— obſerved, that if any Star be ſeen 
juſt as if it were over a neighbouring 
chimney, at any hour of the night; in 
a week afterward, the ſame Stan i is ſooner 
ſeen over the ſame chimney. 

N. True: and in 365 days, the ftars 
frond to have made 366 revolutions 
about the Earth; ſo that they guin one 
hour every 24th. part of the year upon 

the time ſhewn by a well regulated clock. 
And therefore, every Star comes almoſt 
four minutes ſooner to the meridian, 
every ſucceeding day or night, than it 
did on the day or night before. The 
real difference is 3 minutes 55 ſeconds 
and 54 ſixtieth parts of a ſecond. So 
# that, if one clock ſhould be fo well re 
gulated as to ſhew the time to be Xll at 
noonthis day, and on the 36 5th day after 
ward; and another clock ſhould be ſo r. 
gulated as to ſhe the time to be XILevery 
day or night when any given Star is off 
the meridian; the latter clock would gad 
on 4 3 minutes 


* 
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3 minutes 35 ſeconds and 54 fixtietn 
parts of a ſecond upon the former, in 
each. revolution of the nee the | 
E. What is the fon. of thief? - 
N, Much the fame as that of the 
Moon's going round her orbit in leſs 
time than ſhe goes round from change 
to change, or from between the Earth 
and the Sun to che ſame poſition again: 
as I explained to you, by Fig. 1. of 
PLATE V. laſt Monday morning, in 
our Seventh Dialogue: And we may 
make the ſame figure do for the preſent 
ſubject. You remember I told you that 
the whole diameter of the Earth's orbit 
is but as a point, in compariſon to the 
diſtance of the Stars; which is the fame 
as to fay, that a globe of 190 millions of 
miles in diameter,. which would fill 
Earth's orbit, would appear no big 
than a dimenſionleſs point, if it were 
ſeen from any of the Stars: and the 
preſent ſubje& will prove this to be true. 
E. I am far from doubting the truth 
* 0 
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of your word; but I ſhould be very glad 
to ſee the demonſtration... _ 

VN. Then, here it is. Let the. Earth 
be in what part of its orbit it will, -we 
always find the interval of time (by che 
beſt clocks that are made) between, any 
Star's revolving from the meridian. to 
the meridian again, to be equal through- 
out the whole year: which it could not 
be, if the Earth's changing its place by 
a whole diameter of its orbit, bore any 
ſenſible proportion to the diſtance of the 
Stars. For then, if the hour and minute - 
hands of a clock ſhould revolve exactly 
366 times from XII to XII again (chere 
being ſuppoſed to. be 24 hours. on the 
dial-plate) in the time of the Star's 
making 366 revolutions from the me- 
ridian to the meridian again; and the 
hands be ſei to the uppermoſt XII, when 
any given Star is on the meridian on the 
21ſt of December; then, on the 2oth 
of March after ward, when the bands 
were at the ſame XII as before, the ſame 


Star would be a little on the Eaſt fide of 
1 ' ; the 5 


0 of 
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the meridian, if the Earth's orbit were 
of any ſenſible bigneſs in proportion to 
the diſtance of the Star; and a little on 
the Weſt fide of the meridian, when the 
hands were at XII on the 23d of Sep- 
tember: but we never find 27 wen 
. 

E. To me, your demonſtration 1s 
ſelf-evident. | | 

N. Then, you are convinced, that 
when the meridian of any place has re- 
volved' from any Star to the ſame Star 
again, the Earth has turned abſo/utely once 
round its axis; becauſe the ſame me- 
ridian has revolved ſo, as to be again 
parallel to any fixed plane, to which it 
was parallel before, when the me Star 
was upon it. | 

E. Iam. | 

N. Very well, ſiſter :--now, in n Fi: I, 
of PLATE V, let $ be-the Sun, ABCDE 
FG one half of the Earth's orbit ; let the 
circle 57070 k be the Earth (at the top of 
the figure) and þ the meridian of Lon- 
* which we ſhall ſuppoſe to be at h. a 

Let the ſtraight line & be produced 
AST] oj e onward, . 


% 
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onward, to five or fix miles beyond 
the Sun, as ſeen from 5; and let a 
Star be placed at the farthermoſt end of 
that line. Then, the diſtance of the Star 
from the Sun & will be ſo great, that 
the Earth's orbit ABC, &c, will bear no 
ſenſible proportion thereto, if it were, 
viewed from the Star ; and therefore, to 
an obſerver on the Earth at 5, the Star 
will appear as even with the line db, 
when the Earth has got a quarter round 
its orbit from 4 to d, and the meridian 
db parallel to the poſition it had at «b, 
as when the Earth was at à in its orbit: 
So that, let the Earth be in what part 
of its orbit it will, the Star will always 
be upon the meridian of the place b, when 
that meridian has revolved to the fame 
parallel pofition again: which it will al- 
ways do in the time of the Earth's turn- 
ing abſolutely round its axis. 

E. Undoubtedly it will. | 
N. Now, ſuppoſe the Earth to 1 
vance in its orbit from 4 to 6, in the 
time that it turns once round its axis; 
and then, the ſame meridian 55 will be 

2 parallel 
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parallel to the poſition it had at ab, 
when the Sun and Star were both even 
with it; or, as we ſay, upon it. 
Then it is plain, that when the Earth 
is at ö, and the meridian 65 has re- 
volved from the Star to the Star again, 
it muſt revolve farther on, from 5 to m, 
before it can go round from the Sun to 
the Sun again at . And the arc, or 
part h n, of the Earth's circumference 
bears the ſame proportion to the Earth's 
whole circumference, that the arc, or 
part ab, of the circumference of the 
Earth's orbit bears to ita whole circum- 
ference, . 7 
When the Earth is at c in ita orbit, and 
the ſame meridian ch comes even with the 
Star the fecond time, the meridian muſt 
revolve from þ to n before it can be even 
with the Sun again, E543 
it the ſecond time. | 
When the Earth is at d, a quarter 
round its orbit from a, and the meridian 
d h is even with the Star; the meridian 
will want fix hours of being even with 
the ann in the right line do and the 
P 3 - place 
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place b muſt revolve 6 hours, or through 
the arc ho of 90 degrees, before the San 
can be on its meridian db. GOT 

And conſequently, when the Earth 
has gone half round its orbit, the ſame 
meridian will be even with the Star 
twelve hours before it revolves to the 
Sun: and when the Earth has gone three 
quarters round its orbit, the meridian 
will be even with the Star 18 hours be- 
fore it comes to be even with the Sun. 

And laſtly, when the Earth has gone 
quite round its orbit, its rotation, on us 
axis will have brought the ſame meri- 
dian once more round from the Star to 
the Star again, than from the Sun to the 
Sun again.---So'that, let the year contain 
how many days it will, as meaſured by 
the apparent revolutions of the Sun from - 
the meridian to the meridian again, it 
will contain one day more, as mea- 
{ured by the F revolutions of the 
Stars. 

E. By this I find, that one abſolute 
turn of the Earth round its axis is loſt 
in a year with reſpeR to the number of 

ſolar | 
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ſolar days in the year, becauſe the Earth's 
motion on its axis is the ſame way as 
its motion round the Sun. For, to bring 
any meridian round from the Sun to the 
Sun again, the Earth muſt turn as 
much more than quite round its aris, 
as bears a Proportion. to the ſpace it 
moves in its orbit in 2 4 ſolar hours. 
And therefore, to make the year contain 
365 ſolar days and nights, the Earth 
muſt turn 3 66 times round its axis 
N. You are right, Eudeſa. - Noyw go 
to your aſtronomical tables and precepts; 
and try whether you can calculate the 
time of new Moon in July 1748 old 
Ride---If you find any ae come 
and tell me of it. 
E. I thank you, brother; and ak | 
no doubt but that I muſt ſoon ſee you 


P4 DIALOGUE 
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DIALOGUE x. 


On the PRoJECTION of SOLAR ECLIP- 
SES: to which, AN8wERSs to ſome As R- 
NOMICAL QuEgSTIoONS are fubjoined. 


Neander. 


* ELL, ſiſter - you kept quite 
y V alone, all the time yeſterday 
after you left me: and, as you did not 
return this morning before breakfaſt, as -- 
uſual, I ſent to enquire about your 
health: and the maid told me that you 
was very well; but ſo much engaged 

with your book and pen, that ſhe was 
almoſt afraid to ſpeak, for fear of dif- 
turbing you; as you took no notice of 
her when ſhe came into your room. 


E udefia, 
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Eudofia. Indeed, brother, I have been 
very much engaged; and fcarce wok 
time to eat either dinner or ſupper. | 

VN. 80 T obſerved: and now, pray. 
what have you been doing? 

E. After looking a little at Ferguſon's 
tables for calculating the true times of 
new and fall Moons, and finding ſome 
expreſſions in tlie titles of the tables 
which I did not underſtand, namely, the 
mean Anomalies of the Sun and Moon; I 
read the former part of the 19th chapter 
of his book, in which I not only found 
theſe terms explained to my ſatisfaction; 
but alſo the principiet on which the tables 
ate conſtructed: and, on acconnt of 
what you have already told me about 
the attractions of the Sun, Moon, and 
Earth, 1 think 1 underſtand the Prin- 
ciples tolerably well. 

N. I can very eaſily take your word 
for that, Eudaſia. | 

E. Having read the precepts, and com- 
pared them with the tables and examples 
of calculation, I then tried to calculate the 
true times 0 ſome new and full Moons 

| — 
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which are exemplified in the precepts; 
and finding my calculations to agree 
very nearly with Ferguſon's examples, I 
tried to calculate the true time of new 
Moon in July 1748, old ſtile, as you 
deſired me; of which Mr. Ferguſon has 
given no example. And finding that 
the Sun muſt have been eclipſed, at the 
time of that new Moon, 1, even attempted 
to take out the elements for wang 
that eclipſe. 

N. Then, indeed, you muſt have Jos 
a great deal of work for the time you 
have been about Mer FRAY, ſhew me your 
calculations. 

E. I am almoſt afraid to do it but, 


here they are. 


| IF 8. 4 
1. The nnn Moon at Greenwich, Jy 54s 11 15 3 
in the Forenoon, 
2. The ſemi- diameter of the Farth's Uſe at that time, a" ſeen ©, * 7 
from the Moon o $53 32 
3 The angle of the Moon's viſible path with the ecliptic - 58 35 0 
4. The Moon's latitude, North deſcending - © 28 6 
. The Moon's horary motion from the Sun - — 0 27 If 
+ The Sun's diſtance from the neareſt ſolſtice - - 32 42 40 
7. The Syn's declination, North — 19 35 21 
8. Thy Sun's diſtance at noon from the vertex of London «a 31,54 39 
9. The, Sun's ſemidiameter - - , 0. 16 
10. The Moon's ſemidiameter 8 ©, >, & 14 49 
JE The ſemidiameter of the I e — 4. 43 


N. well done, Eudeſia.---I calculated 
the 


. 


LApr's ASTRONOMY |: 219 


the ſame elements before I gave you | 
the book ; and now we will compare the 
calculations together. All right - for, 
do you ſee.— we have not differed three 
ſeconds in any part.---And I did not tell 
you till now, that I had made * ſuch 
ane | 

| This gives 1 me great abide, ia 
. wy upon reading the method of 
projecting eclipſes, I often find mention 
made of a S#or ; which I take to be a 
mathematical inſtrument; and, as you 
know that I am entirely unacquainted 
with any of theſe inftruments, I am 
afraid I can proceed no further, unleſs 
you. will ſhew me a Sector, od ward 
me how to uſe it. 

N. It, is true, that by micans of a A 
Sector, theſe kinds of projections may 
be much ſooner made than without it. 
But, as I know you are yet totally un- 
acquainted with mathematical inſtru- 
ments, I will now ſhew you how to pro- 
ject an eclipſe of the Sun, only by means 
of a pair of compaſles and a common 


ruler: And * you will be at no loſs 


about 


1 
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about projecting any eclipſe of the Moon; 
which is much eafier to be done than 
to project an eclipſe of the Sun.---I will 
 frſt tell you ſome things, by which you 
will underſtand the reaſon why all the 
different parts of the conſtruction of a 
ſolar eclipſe muſt be as we lay them 
down; and then proceed to conſtruct the 
Sun's eclipſe which fell on the 14th of 
July 1748, as it appeared at London. 
You know, it is but a few days ſince 
you covered one of the panes of glaſs 
in the window of your room with gum 
water; and, when it was dry, you 
placed yourſelf about a foot from — 
glaſs; and, keeping your head Ready, 
you delineated a landfſkip on the glafs, 
with your black lead pencil, of all the 
diſtant objects which you faw through - 
the glaſs, drawing them on thoſe parts. 
of the glaſs which were juſt between 
them and your eye; as if the pencil had 
touched the objects themſelves. 

E. I have often done ſo: then drawn 
them with ink (which the gum water 


cauſes to Rick) and then laid à paper 
Over 
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over them on the glaſs, and traced them 
thereon with the black lead pencil. 

N. Now, ſuppoſe the Equator to be a. 
viſible circle on the Earth, and that a 
circle is drawn through any place (as 
ſuppoſe London) parallel to the Equator: 
that the Earth had an axis put through 
it, projecting out a good way from its 
ſurface at each pole; and that there was 
a viſible line drawn perpendicular ta the 
plane of the ecliptic or Earth's orbit, 
which line would be called the axis of 
the ecliptic. 

Imagine all theſe things would be 
viſible to an obſerver at the Sun; and. 
ſuppoſe yourſelf to be there, holding a 
pane. of glaſs between you and the 
Earth, and delineating the figure of the, 
Earth thereon, with its axis, Equator, 
the circle parallel to the Equator paſſing 
through London, and the xls of the 
ecliptic. . Then, 

As the Earth turns round its axio from. 
weſt to eaſt, the places on its ſurface 
would appear 10 vou to move a8 fm. 
your left hand toward your right; and. 

| | you 


that time. 


. 
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you would ſee London as moving over 
the Earth in the circle which is drawn 
through it, parallel to the Equator. 
And, when the Moon is new, and 
eclipſeth the Sun from any part of the 
Earth, you would ſee her between you 
and the Earth, as paſſing over it from 
left to right hand, the fame way as it 
turns on its axis: and you would ſee a 
great part of the Moon's penumbra or 
partial ſhadow, all around her (as it 
were) like a dark browniſh ring, aver 
ling with her over the Earth. 

As the Sun ſhines round the North 
pole of the Earth, from the 2oth' of 
March to the 23d of September, you 
would ſee that pole all the while in the 
enlightened part of the Earth's diſc (or 


flat round ſurface, as it would appear s 


to you; like as the Sun and Moon do to 
us): and, from the 2 3d of September 
to the 2oth of March, the ſame pole 
would be hid from your eye-ſight, be- 
hind the viſible and illuminated diſc of 
the Earth ; becauſe it is in 25 dark alt 


fr 
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Ik a ſtraight walking ſtick be placed 
at a diſtauce fm you, and inclining ei- 
ther directly toward you or from you, 
it will appear to you to be upright : but, 
if it inclines either toward your right 
or left hand, you will perceive it to do 
ſo. Therefore, when the Earth's axis 
inclines either directly toward you or 
from you at the Sun, it will appear to 
you to be perpendicular to the plane of 
the Earth's orbit or ecliptic; and to co- 
incide with the axis of that plane. Bur, 
when the Earth's axis inclines. more or 
leſs ſidewiſe to the Sun, the northern 
half of it will appear to you to incline 
from the axis of the eclipric, toward 
your right or left hand; and the ſouthern 
half to incline the contrary way from 
the axis of the ecliptic: for then, theſe 


two axes will ſeem to croſs each other i in 


the middle point of the Earth's axis. 
Now, as the Earth's axis really in- 
clines 2 3 degrees from a perpendicular 
to the plane of the Earth's orbit, and 
always keeps inclining to one and the 
ns ſide of the Heavens, in the Earth's 
whole 


w 
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whole courſe round the Sun: it will 
appear in different poſitions. of. inclina« 

_ - tion to the axis of the ecliptic, as ſeen .. 
from the Sun, at different times of tha 
year; the North pole being ſometimes 
toward your right hand from the axis 
of the ecliptic, and at other times to. 
ward your left hand from the axis of the 
ecliptic ; conſtantly varying the apparent 

angle of ics inclination, nen * 
the time of the year. * 

From the 21ſt of December to ht, 
21k of June, the North pole of the 
Earth's axis lies toward the right hand | 
from the. axis of - the ecliptic, as ſeen 
fram the Sun; and moſt of all ſa on 
the 2oth of March. From the 21ſt of 
June to the 21ſt of December, the North 
pole of the Earth's axis lies more or leſs 
to the left hand, as ſeen. from the-Sun 
and moſt of all ſo on the 23d of Sep» 
tember. | 

E. LI with you would be ſo good as 
to write down theſe matters for me, 

when you are at leiſure; becauſe Wk 
afraid I ſhall forget them. 


N. You 
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„ N. You may depend ugom c chat ... | * 
wül; eſpecially as they are dhe very 3 
principles on which we are now | about 
vo conſtruct an;ediipſe of the un: hieb s! 
4s, in the fir place, by delineating a 
figure of the Earth, wich its axis, Equa- 
2or, &cc. according to their poſitions as 
fappoſed to be feen from the Sun (or 
From the Moon juſt between the Earth 
und dhe Sun) at the time of the eclipſe; 
Now, we will go o work, n 

Mike n cake; a8 „AC (PLATE VS. 
5 4.)-alnoft. half the length of the 
Paper inmnded'fur your projeQion, and 
divide lit inte 6 equal paris xt leaſt, 
running ench part to be one minute, | 
r n fixtiochpart of a degree. Ihen, 
rake the ferfiidiameter of the | 
ic, 55 minutes 32 ſeconds (or 5 t) 
-froni the fcc; in your compaſſes ; and 
with that extent, ſet one foot in the end 
ok 'che ſcale, as a center; and with 
.the--other; foot ' deſcribe the--ſemiciede 
DB, for the circumterence of bee 
northern half of che Earth's illuminated 


1 diſc 
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diſc or ſurface, becauſe we lien an the 
North fide of the Equator: and continue | 


the line 54 C on to B; ſo, ACB ſhall 


be a portion of the Ecliptic equal to the 
diameter of the Earth as ſeen from the 
Moon at that time. If 
From the center C, 8 the line | 
CDH, perpendicular to ACB ; and call 
the line CDH the axis of the ecliptic. 
Divide the quadrants 4 D and DB, 
each into 90 equal parts for degrees, be- 
ginning at D. Then connect the points 
E and G (which are 2 34 degrees on each 
ſide of D) with the ſtraight line EFG; 
in which line, the North pole P of the 
Earth's diſc will always be founc. 
Set one foot of the compaſſes in the 
point F, where the line EFG imerſects 
the axis of the Ecliptic CDH; and, hav- - 
ing extended the other foot from F to E, 
or from F to G, deſcribe the ſemicircle 
EH, and divide its quadrant HE into 
9o equal parts for degrees, becauſe the 
Earth's axis lies to the left hand from 
the axis of the Ecliptic, as ſeen from the 
Sun in the month July;---If the Earth's 
; * } . 2X18 
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axis had lain to the right hand from the 
axis of the Ecliptic, the quadrant H G 
muſt have been divided into 90 Mer 
and not the quadrant HE. 

As the Sun is 32 degrees 42 minutes 
40 ſeconds (which may be eſtimated 32 
degrees and four: ſixths, or (two-thirds, 
of a degree) from the neareſt (or ſum- 
mer) ſolſtice, which is the firſt, point of 
Cancer, on the noon of the 1 4th July 
1748, draw the right line 7P, parallel 
to HD, from 32: degrees of the qua- 
drant H E, till it meets the line E FG 
at Pe then, from P to C, draw the right 
line PC; ſo PC. ſhall be the northern 
half of the Earth's axis, and P the * 
pole. 
As the Sun is on the North ide of he 
Equator in July, and conſequently nearer 
the point-of the Heaven juſt over Lon- 


don (or the vertex of London) than the 
Equator is; ſubtract. his declination, - 


19 degrees 35 minutes (neglecting the 


21 ſeconds) from the Latitude of Lon- | 
don, 5 1 degrees 30 minutes, and the 
remainder will be 3 1.degrees 5 5 minutes 


Q 2 for 
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for the Sun's diſtance from the vertex of 
London on the noon. of July the 1 4th. 
From the point & (in the right hand 
ſide of the ſemicircle ADB) at 31 de- 
grees 55 minutes counted upward from 
B, draw the right line 2% parallel to 
CD: and taking the extent #7 in your 
compaſles, ſet it from C to XII on the 
Earth's axis CP. 80, the point XII ſhall 
be the place of London on the Earth's 
diſc, as ſeen from the Sun, at the inſtant 
when it was noon at London on the 
14th of July 1748. 
Add rhe Sun's declination, 195 35, to 
the Latitude of London x5 12 30; and the 
ſum will be 71 degrees z minutes, fot 
the Sun's diſtance from the vertex of 
London on the 1 4th of Jury” at ure 
night. Therefore, l - 
From 715, counted c in le | 
right Hand fide of the ſemicirdle 4 DB 
from B to m, draw the right line m# 
parallel to CD. Then, taking the ex- 
refit nn in your compaſſes, Tet it from 
C towards of beyond P on the Farth's 
axis CP, as 1 Wha ti to reach ſhort of 
„ £0 
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P or beyond it: but in the preſent caſe, 
it reaches ſo little aboye P, that we may 
reckon CP to be us whole extent: and 
fo, the point P ſhall repreſent the place 
or ſituation of London at midnight, be- 
yond the illuminated part of the Earth's 
diſc, as ſeen from the Sun ; and conſe- 

quently in the dark part thereof. 
Divide the part of the Earth's axis 
between XII and P into two equal parts, 
XII K and PK: then, through the point 
K, draw the right line VI K VI perpen- 
dicular to the Earth's axis C XII KP. 
Zubtract the Latitude of London, 51% 
30, from 90 oo ; and there will re- 
main 38+ for its  Co-latitude.---Then, 
from 38%, counted upward from B to 
v in the femicixcle 4 DB, draw the 
right line vw; and, having taken its 
length in your · compaſſes, ſet off that 
length both ways from K in the Earth's 
axis to VI and VI, in the line VIX VI. 
Now, to draw the parallel of Latitude 
of London, or its path on the Earth's 
on ans ſeen from the Sun, from the 
| "om time 
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time of Sun-riſe till the time of Sun-ſet 
at London; proceed as follows. 

The compaſſes being opened from K 
to VI, ſet one foot in K, and with the 
other foot deſcribe the ſemicircle VI 7 
8 9101112 1 2 3 4 5 VI, and 
divide it into twelve equal parts. Then, 
from the diviſion- points (7 8 9, &c.) 
draw the right lines 7a, 80, 9c 10d, &c. 
all parallel to the Earth's axis CP, as in 
the figure. 

Set one foot of the compaſſes in K 
and with the other foot deſcribe the ſe- 
micircle PL XII, and divide its qua- 
drant XII L into ſix equal parts, as at 
the points 1, 2, 3, 4, 5, 6; becauſe the 
Sun is on the North ſide of the Equator. 
If he had been on the South ſide of it, 
the quadrant PL (and not the quadrant 
XII L) muſt have been fo divided, 

Through the ſaid diviſion- points of the 
quadrant XII L, draw the right lines 
XI 11, X 2 II, IX 3 III, VIII 3 IV, and 
VII 5 v, all parallel to the right line 
VI K VI; and, through the points 
where theſe lines meet the former pa- 
rallel 
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rallel lines 74, 8b, ge, 1 od, &cc. draw 
| the elliptical curve VI VII VIII IX X XI 
xII I II I I V VI; which may be 
done by hand, from point to point; and 
ſet the hour - letters to thoſe, points where 
the right lines meet in the curve, as in 
the figure. - This curve ſhall repreſent 
the parallel of Latitude of London, or 
the path which London (by the Earth's 
motion on its axis) appears to deſcribe 
on the Earth's diſc, as ſeen from the Sun 
on the 14th of July, from VI in the 
morning till VI at night: and the points 
VI, VII, VIII, IX, &c. in the curve ſhall 
be the points of the diſc where London 
would be at each of theſe hours reſpec- 
tively, as ſeen from the Sun. If the 
Sun's declination had been as far South 
as it was North, the dotted curve VI PM 
VI would have been the path of Lon- 
don; which muſt have been found by 
dividing the quadrant P L, into fix equal 
parts, and drawing lines parallel. to VI 
K VI between that line and the pole P, 
and continuing the lines 79, 86, ge, &c. till 
ey met the foreſaid parallel lines drawn 
2 through 


232 The Youno GenTLEMAN and 


through the diviſion · points of the qua- 
drant P I. The points p and G, where 
the elliptical curve touch the eireum 
ference of the diſc, denote the inſtants 
of the Sun's rifing and fetting at Lon- 
don: for, when London is at p, it will 
be juſt entering into the enlightened part 
of the Earth; and going into Pre 
when it is at G- 

From the point M, vis. 5 deprewiys 
minutes to the right hand of the axis 
of the Ecliptic C D, draw the right line 
MC for the axis of the Moon's orbit, as 
feen from the Sun, becauſe the Moon's 
Latitude is North deſcending, on the 14th 
of July 1748.—-If her Latitude had been 
North Aſcending, the axis of her orbit 
muſt have been drawn from to C. on 
the left hand ſide from the axis of is 7 


Ecliptic. 
Take the Moon's Latitude, 28 6% 


from C to s, with your compaſſes, in the 
ſcale AC, and fer that extent from C 
yon the axis (CD) of the — — 
_ through the point 9, draw the right 
fine ys Fre to the axis of 

the 
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the Moon's orbit Cz M: and Ng Ot ſhall 
be the path of the center of the Moon's 
ſhadow over the Earth; and will repre- 
ſent as much of the Moon's orbit, ſeen 
from the Sun, as ſhe moves through, 
during the time that her ſhadow or 
penumbra is going over the Earth. | 

From C, on the ſcale 4 C, take the 
Moon's horary motion from the Sun, 
27 175 in your compaſſes; and make 
the line AB (Fig. 2.) equal in length to 
that extent: and divide the ſaid line in- 
to 60 equal parts, for ſo many minutes 
of time. Then, as the time of new 
Moon, on the 14th of July 1748, was 
at 1 5 minutes 3 ſeconds after XI o'clock, 
take 15 minutes (neglecting the three 
ſeconds) from A to à on the line 4B in 
your compaſſes, and ſet them off, in 
Fig. 1. from the middle point between ; 
and 2, in the right line Ny z O, to XI 
in that line; becauſe the tabular time 
of new Moon is mid-way between the 
point 9, where the axis C D of the Eclipric 
and the axis CM of the Moon's orbit 
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cuts the line or path of the as ee 
center on the Earth. 

Take the whole length of WU line 
AB (Fig. 2.) in your compaſles; and, 
with that extent, make marks along the 
line NO (Hg. 1.) both ways from XI; 
and ſet the hour-letters to theſe marks, 
as in the figure.---Then, divide each 
ſpace, from mark to mark, into ſixty 
equal parts or horary minutes, which 
fhall thew the points of the Earth's diſc 
where the center of the penumbra falls, 
at every hour and minute, during its 
tranſit over the Earth. 

Apply one ſide of a ſquare to the line 
of the penumbra's. path NO, and move 
the ſquare forward or backward till the 
other ſide cuts the ſame hour. and 
minute, as at ander, both in the path 
of the penumbra's center and the path 
of London: and the minute, which the 
ſquare cuts at the ſame inſtant in both 
theſe paths, is the infant of the viſible 
conjunction of the Sun and Moon at 
London; and conſequently, of the 
greateſt K of the Sun by the 

Moon; 
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Moon; which, according to the pro- 
jection, is at 30 minutes paſt X o'clock 
in the morning. 

Take the Sun's ſemidiameter, 15 50”, 
in your compaſſes from the ſcale; and 
ſetting one foot at ras a center, in the 
path of London ; with the other foot de- 
ſcribe the circle R & for the Sun, as ſeen 
from London at the time of greateſt ob- 
ſcuration. Then, take the Moon's ſemi- 
diameter, 14 53', in your compaſſes 
from the ſcale; and ſetting one foot in 
the Moon's path at s, with the other foot 
deſcribe the circle 7 U for the Moon, as 
ſeen from London, when ſhe obſcures 
moſt of all of the Sun, during the 
eclipſe ; which may be meaſured by a 
diameter line usrx, drawn - acroſs the 


Sun through the points s and r, and 


divided into 12 equal parts for digits of 
the Sun's diameter : of which, according 
to the preſent projection, there are 97 
digits eclipſed. | 

Take the ſemidiameter of the pe- 
numbra, 30, 43", from the ſcale in your 
OR and, ſetting one foot in the 


path 


— — — — — — 
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path of the penumbra's center, direct 
the other foot to the path of London 
among the morning hours at the left 
hand; and carry that extent backwards 
and forwards, till both the points of 
the compaſſes fall into the ſame inftant 
in both the paths; which inſtant will 
denote the time when the eclipſe began 
at London. Then, do the like among 
the afternoon hours; and where the 
points of the compaſſes fall into the 
fame inſtants in both the paths, they + 
will ſhew at what time the eclipſe ended 
at London.----Theſe trials ſhew that the 
beginning of the eclipſe was juſt at IX 
o'clock in the morning, and its ending 
at 5 minutes after XII o'clock at noon; 
as the compaſles reach juſt from IX in 
the path of London to IX in the path 
of the penumbra's center; and from 
7 minutes after XII in the path of Lon- 
don, to 75 minutes after XII in the path 
of the penumbra's center.----Thus, we 

have, at laſt, finiſhed the projection, and 

found what was rarer to be ee 
from i _ | 


E. The 
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E. The whole proceſs is very plea- 
ſane, bur, I think, it is ſomewhat tedi- 
ous. 

'>>e That is, becauſe . 
obliged to divide the ſemicircle 4D B 
and the quadrant E H with a pair of 
compaſſes.---[f the Sector had been uſed, 
the labour would have been much ſhor- 
rened, becauſe we could have taken off 
all the meaſures directly from it; and 
ſo, have avoided all the trouble of divid- 
ing, not only of the ſemicircle and qua- 
drant, but alſo even of the ſcale. * 

E. I wiſh you would reach me how 
to uſe the Sector. 

N. I will ſend to my i 
- W Mr. Bennet, in Crown 
Court, near St. Ann's Church, Soho, for 
a compleat caſe of mathematital inſtru» 
ments; and will make you a preſent of 
before I leave this place. In the mean 
time, I will aſk you a few queſtions re- 
lative to the ſubjects we have been up- 
on: and, if you can anſwer them cle- 
verly, I ſhall not ſcruple to tell you. 

that 
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that you have made a very EE 
progreſs. — 6 

E. I thank you, Sir, for your intend- 
ed preſent and future inſtructions :. and 
will anſwer your queſtions as well as I 
can *, | 

N. What would be the ene; 
if the Earth were fixed in any point of 
its orbit, ſo as to have no progreſſive 
motion therein; and to turn round its 
axis with its preſent velocity, having its 
axis perpendicular to the Nen. of the 
Ecliptic ? anti 

E. The ſolar, or natural day 'would 
be of the ſame length-with the ſydereal 
day; which is equal to 23 hours 56 
minutes 4 ſeconds of the time now mea- 
ſured by a well regulated clock. The 
Sun would conſtantly appear to. revolve 
in the Equator, days and nights would 
always be of an equal length at. all 


Places, either near the poles or far from 
. $101 - them. 


-1 The | ſubjea of what is here put down, by way. of 
queſtion and anſwer, was given by the author ſome time 
ago to a gentleman who has fince publiſhed it, not without 
the author's leave, at the end of a printed book, 
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them. And conſequently, there would 
be no different ſeaſons. 

N. What would be the ad 
if the Moon's diſtance from the Earth 
was ſuch, as that ſhe ſhould appear to 
be of the ſame magnitude with the Sun ; 
that her orbit were circular, and lay in 
the plane of the Ecliptic; and that ſhe 
moved round the Earth in her orbit with 
her preſent velocity? | 

E. The Moon would always revolve 
in the plane of the Equator ; and (ſup- 
poſing the Earth had no progreſſive mo- 
tion 1n its orbit) the Moon would go 
round from change to change in the 
time ſhe now goes round her orbit, 
vrhich is, in 27 days 7 hours 43 
minutes 5 ſeconds. The diameters of 
the Sun and Moon would always appear 
to be equal. The Moon would eclipſe 
the Sun totally, for an inſtant of time, 
at all thoſe places over which the center 
of her ſhadow paſſed, which would be 
directly along the Equator. The eclipſes 
would be only partial on different fides 
of the Equator, and never viſible | at 

| more 
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more than 2350 miles from it. The 

Moon would be totally eclipſed in the 

Earth's ſhadow at every time ſhe was 
full; and the durations of all her eclipſes 
would be equal. 
N. What would be the conſequence, 
if the Moon's orbit acquired an ellipti- 
cal form, fuch as it is now of: that it 
continued in the plane of the Ecliprtic, 
and the Earth had no progreſſive mo- 
tion, but only turned round its axis as 
before? 

E. The lengths of days: and vigles 
would be the ſame as above, and the 
times between the new or full Moons 
would remain the ſame. The Sun. 
would be eclipſed (as above) at every 
change, and the Moon at every full; 
and the center of the Moon's ſhadow, 
when the Moon is new, would always 
paſs along the Equator. IF the changes 
fell in that part of the Moon's orbit 
which is furtheſt. from the Earth, the 
gun would never be totally eclipſed ; but 
would appear like a fine haminous ring 
all . of che Moon, 

a at 
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at theſe places on the Equator where the 
Moon were directly over head at the 
inftant of the change. If the changes 
fell in that part of the Moon's orbit 
which is neareſt the Earth, all the eclipſes 
of the Sun would be total at the Equa- 
tor, for about four minutes of time: 
But if they fell in either of the two 
parts of the Moon's orbit which are at a 
mean berween thoſe parts which are at 
the greateſt and leaſt diſtance from the 
Earth, the eclipſes of the Sun would be 
juſt total for an inſtant of time at the 
Equator, and no where elſe, All the 
Moon's eclipſes would be total with con- 
tinuance, as above. 

N. Suppoſe now, that the Earth 
ſhould revolve about the Sun, with its 
preſent velocity, in the plane of the Eclip- 
tic, its axis keeping always perpendicu- 
lar thereto: that the Moon ſhould re- 
volve as above, with her preſent veloci- 
ty; and that her orbit ſhould remain 
always in the plane of the Ecliptic? | | 
E. In that caſe, the days and nights 
would always continue (as gbove) of 


R equal 


* 
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equal length; only the 24 ſolar hours 
would be 3 minutes 56 ſeconds longer 
than the 24 ſydereal hours, as they now 
are; but there would be no different 
ſeaſons, The Moon would go round 
her orbit in 27 days 7 hours 4.3 minutes 
5 ſeconds; and round from the Sun to 

the Sun again, or from change to change, 
in 29 days 1 2 hours 44 minutes 3 ſeconds ; 
as ſhe now does, The Sun would be 
eclipſed (as above) at every change, and 
the Moon at every full; and. all the 
Sun's eclipſes would be central only at 
the Equator ; ; but they would ſometimes 
be total there for four minutes, ſome- 
times total only for an inſtant, and at 
other times annular; according to the 
diſtance of the Moon from the Earth in 
different parts of her elliptical orbit at 
theſe times. 

N With the above circumſtances, re- 
lating to the Earth's progreſſive motion 
in its orbit, and the Moon' s motion in 
her orbit; what would be the conſe- 
quence if the Earth's axis ſhould be- 
come inclined to the Ecliptic, as it now 

f is; 
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is; and the Earth turn round its axis 
with its preſent velocity ? 

E. We ſhould then have all the Va- 
riety of ſeaſons we now enjoy. The 
times between the new and full Moons 
would be the ſame as in the laſt anſwer 
above, and the eclipſes of the Sun and 
Moon the ſame. Only, the Sun's cen- 
tral eclipſes would not fall always at the 
Equator, but ſometimes on one fide of 
it, and ſometimes on the other; that is, 
between the Equator and that pole of the 
Earth which was inclining toward the 
Sun at the time of the eclipſe. In our 
Spring, the center of the Moon's ſhadow 
would go obliquely over the Earth, from 
the ſouthern tropic to the northern.---In 
ſummer, the ſhadow would begin to 
take the Earth at the Equator, and thence 
bend its courſe to, the northern tropic, 
and from that tropic to the Equator 
again, where it would leave the Earth. 
In our autumn, the center of the Moon's 
ſhadow would go obliquely over the 
Earth, from the northern tropic to the 
ſouthern: — and, in winter, it would 

3 take 
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take the Earth at the Equator, from 
which it would bend its courſe to the 
ſouthern tropic, and go on obliquely from 
that tropic to the Equator, where it 
would leave the Earth. And, in each 
of theſe four caſes, the Sun's eclipſe 
would be central to all the parts of the 
Earth over which the center of the 
Moon's ſhadow paſſed ; ſometimes total 
only for an inſtant, ſometimes total for 
four minutes, and at other times only 
annular.---The eclipſes of the Moon 
would be as above. 
VN. Suppoſing now, that the Moon's 
orbit ſhould become inclined to the 
Ecliptic, as it is at preſent, but that her 
nodes ſhould have no motion therein; 
and every other circumſtance ſhould re- 
main as in the laſt queſtion ? 3 
E. Then, the Sun would never be 
eclipſed at more than 17 degrees from 
either of the nodes, at the time of any 
new Moon whatever; nor would the 
Moon be eclipſed at more than 1 2 de- 
grees from either of the nodes at any 
time whatever of being full. So that 


4 mY 
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we ſhould have but few eclipſes (as is 
now the - caſe) in compariſon of the 
number of our new and full Moons. 
And the eclipſes would be confined to 
the ſame ſeaſons of the year; for there 
would be half a year between thoſe 
which happened about one node and 
about the other, becauſe there would be 
juſt half a year between the conjunctions 
of the Sun with one _— and with the 
other. 
=o Every a ib as above, 
excepting the ſtability of the nodes, and 
of thoſe two points of the Moon's orbit 
which are moſt and leaft diſtant from 
the Earth: What would be the conſe- 
quence if theſe points acquired a direct 
or forward motion in the Moon's orbit, 
and her nodes a backward or Os 

motion; as they now have? | 

E. U believe, every circumſtance War") 
be as it now is: and therefore, we 
ſhould have all the variety. of ande 
that now exiſts in nature. 

N. Well | done, Eudsfia /----You have 

R 3 anſwered 
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anſwered all my queſtions to my mind: 
-which you could not poſlibly have done, 
unleſs you had very well remembered 
the ſubjects we have been upon, in all 
our Ten Dialogues, This, I think, may 
be our laſt on Aſtronomy ; becauſe your 
applying to books will ſuperſede all 

neceſſity of our having any more. 

E. But I am extremely ſorry, brother, 
to have heard yeſterday, that you are to 
ſet out for Italy in a few days, which 
is much ſooner than was expected. I 
ſhall miſs you fadly ;---and as you will 
probably be gone before I can read Fer- 
guſon's Aſtronomy quite through; I 
ſhould be glad to know whether you 
would have me to read any other book 
upon the like ſubject after ward. 

N. By all means. Here is Doctor 
Long's Aſtronomy . take it and keep it; 
for it will afford you a great deal of en- 
rertaining and pleaſing knowledge, eſpe- 
cially in the hiſtorical part. Jou may 
{ſkip over thoſe parts which are geome- 
trical, as 1 ſhall not now have time to 

inſtruct 
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Aud you'ks' that branch of ſcience. 
'Tis true, the volume is large; but 1 
will anſwer for it, that by the time you 
have got to the end, you will wiſh it 
nad been much larger, and that the 
Doctor would finiſh his ſecond volume. 

E. Permit me, dear brother, to thank 
you moſt ſincerely for this valuable 
8 | * 
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Page 9% 94, line 2, (from the bottom) for c read ab, P. 
102, I. 5. (from the bottom) for c read 65, P. 142, I. 10. 


(from the bottom) for * read U 5. oP 4 4 | 
- greater. | 


A LIST .of the APPARATUS on which 
Mr. Frxcuson reads his Courſe of twelve 
.  Leftures on Mechanics, Hydroftatics, Hydraulics, 
Pneumatics, Elearicity, Dialing, and Aſtronony. 


| (The 1 relate to the Lectures read on the r 
ebloery, to which they are n ) 


J. 

IMP LE machines for demonſtrating the 
powers of the Lever, the Wheel and Axle, 
the Inclined Plane, the Bullion, the Wedge, and 
the Screw. - 

A conipound Engine, i in which all theſe Powers 
work together. 

A working model of the great Crane at Briſtol, 
which is reckoned to be the beſt Crane in Europe. 

A working model of a Crane that has four dif- 
ferent powers, to be adapted to the different 
weights intended to be raiſed : invented by Mr. 
Ferguſon. 

A Pyrometer that makes the expanſion of 
metals by heat viſible to the ninety thouſandth part 


of an inch. 


II. 

Simple machines for ſhewing the center of gra- 

vity of bodies, and how much a tower may in- 
cline without danger of falling. 

A double Cone that ſeemingly rolls uvp-hill of 
itſelf, whilſt it is actually deſcending, 
A machine made in the figure of a man, that 
tumbles backward by continually overſetting the 
center of gravity. 

Models of wheel-carriages ; ſome with broad 
wheels, others with narrow; fome with large 
wheels, others with ſmall: for proving experi- 
mentally which ſort is the beſt. 

A machine for ſhewing what degree of power 


is ſufficient to draw a loaded cart or — 
7 
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hill; when the quantity of weight to be drawn up, 
and the angle of the hill's height, are known, 

A model of a moſt curious Silk - reel, invented 
by Mr. Verrier near Wringtos in Somer ſetftire. | 

A large working .model of a water-mill for 
ſawing timber. 

A model of a hand-mill for grinding corn, 

A model of a water-mill, for winnowing and 
grinding corn, drawing up the ſacks, and —_ 
the flour, 

A machine for demonſtrating that the power of 
the wind on wind-mill fails, is as the ſquare of 
the velocity of the wind. 

A working model of the Engine by which the 
iles were driven, for a foundation to the piers of 
2 e. Bridge. 


III. 

A machine for ſhewing that Fluids weigh as 
much in their own Elements, as they do in Air. 

A machine for ſhewing that, on equal bottoms, 
the preſſure of fluids is in proportion to their per- 
pendicular heights, be their quantities ever ſo 
great or ever ſo ſmall. 

Machines for ſhewing that fuids preſs equally 
in all manner of directions. 

A machine for ſhewing how an ounce of water 
in a tube may be made to raiſe ſixteen pound 
weight of lead. 

A machine for ſhewing, that, at equal heights, 
the ſmalleſt quantity water will balance the 
greateſt quantity whatever, if the columns 3j * 
at 

A machine for ſhewing how ſolid lead may be 
made to ſwim in water, and the lighteſt wood to 
ſink therein. 

Machines for cementing the Hydroſtatical 
Paradox. | 


A 


TI 

A machine for demonſtrating that the quantity 
of water diſplaced by a ſhip is equal to the whole 
weight of the * cargo. | 

Machines for ſhewing the working of Syphons, 
and the Tantalus cup. et 

A large machine for ſhewing the cauſe and phe- 
nomena of ebbing and flowing wells, and of inter- 
mitting and reciprocating ſprings. 


5 IV. SSL, 

Machines for ſhewing, that when- ſolid bodies 
are immerſed and ſuſpended in fluids, the ſolid 
loſes as much of its weight as its bulk of the fluid 
weighs; and that the weight loſt by the ſolid is 
imparted to the fluid. | 

A hydroſtatic balance, for ſhewing the ſpecific 
gravities of bodies, and detecting counterfeit gold 
or ſilver. | | 

A working model of Archimedes's ſpiral pump. 

Glaſs models for ſhewing the ſtructure and ope- 
rations of ſucking, forcing, and lifting pumps. 
' A working model of a quadruple 3 
for raiſing water by means of water turning a 
wheel. | 

A working model of the Perſian wheel for 
raſing water. Fed 

A working model of the Engine by which water 
is raiſed from the Hungarian mines. 5 

A large model of the great Engine at London- 
Bridge that goes by the Tides, and raiſes water by 
forcing pumps. | 


V, and VI. 
An Air-pump with. a great apparatus belonging 
to it, for experiments ſhewing the weight and 
ſpring of the air. | 
. A wind-gun. x 
5 6 js 1 


% 
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| VII. 10 
An Electrical machine with a large apparatus 

for 1 many experiments in Electricity. 
A ſimple i 

of dialing are made evident to fight. | 
Several kinds of Sun-dials. | 
A model of an aſtronomical Clock, ſhewing 
apparent motions and times of riſing and ſetti 
of the Sun, Moon, and Stars; with the age 

phaſes of the Moon, at all times. 


: : 
0 
= 


machine, by which all the principles 


Another model of a Clock for ſhewing the ap · 


parent motions of the Sun and Stars, with t 


times of their riſing and ſetting, and the Equation 


of time. 


VIII. 


A centripetal and centrifugal machine for ex- 


| plaining and demonſtrating the laws by which the 
planets move, and are retained in their orbits; 
png the diurnal and annual motions of the 


- high at the ſame time, on lite ſides of the 


IX, X, XI, XII. 


and ſhewing why the tides riſe . equally 


A machine for ſhewing the motions of the camets, 


An Orrery, ſhewing 


the real motions of the 


planets round the Sun, and round their axes : the. 


parent ſtations, direct and retrograde motions 


al Mercury and Venus, as ſeen from the Earth: 
the different lengths «=> and nights, and all 


the viciſſitudes of ſeaſons: 
phaſes of the Moon; the harveſt-Moon; the tides; 


motions and various 
- the cavſes, times, and returns of all the Eclipſes of 


the Sun and Moon: the Eclipſes of Jupiter's ſa- 
tellites, and the phenomena of Saturn's ring. 


In London, any number of perſons, not -leſs 


than twenty-five, who will ſubſcribe. one oo * 
. | each, 


n 


i 
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each, may have a WF 4 of twelve lectures read o on 


the above-mentioned. machinery, provided. they 
agree to have at leaſt three lectures a week; in. 
which, they may appoint the days and hours that 
are moſt conyenient for themſelves. 

Within ten miles of London, any number not 
leſs than thirty, may have a courſe o each lubſcriver 
paying one guinea. And, 

Within an hundred miles of London, any humh-" 


ber of ſubſcribers, not leſs than ſixty, may have 8. * 


courſe; each paying as above. 


Any "where out of London, the ſubſcribers are | 


to attend the lectures every day of the neger 


cept Sunday. 1 


Poniſadiy Mr. FERGUS ON, bees theſe ive ö 7 
2 NOMICAL DiALGGUES. 


© ECTURES' on Select Subjects in Mechanics, Bydrefatics, Hydraw- 
lics,» Pneumatics, and Optics ; with the Uſe of the Glabes, the Art of. 
Di , and the .Calculation of the mean Times of New and Full Moons, 


* 


and Elo. : Hluſtrated with 23 Copper-plates of the Author's Machinery | 
44 Ding br Price 14 8. bound, or 18 8. with the Supplement. Qu arto, 
ASTR NOMY lined upon Sir ISAAC NEWTON' Princ iples, 
* made eaſy to thoſe who. have not ſtudied Mathematics. To which is ad- 
dei, the method of finding the Diſtances of the Planets from the 2 
the TRANSIT of VENUS over the Sun's Diſc in the year 1761. 
Diſtances deduced from that Tranſit; and an account of Mr, Eonndzt 
Obſervations of the Tranſit in the year 1639: IIloſtrated with 18 Copper - 
plates. Price 18 8. bound. _ 
3. ASTRONQMICAL TABLES and Precepts for 2 


times of New and Full Moons and Eclipſes. To which is prefixed,.a ſhort 


Thou of the Solar and, Lunar Motions. Price 28. 6d. 
4. TABLES and TRACTS relative to ſeversl Arts and Sciences. Price g 82. 
An ANALYSIS of the whole Courſe of the above-mentioned LeQures, 
r bete Aſtronomy: Being defigned for a help to the Memories 
of the Subſcri ribers, aſter they have gone through the Courſe. Price 22. 
6. An ASTRONOMICAL ROT ULA, or INSTRUMENT, Sewing 
the Day of the Month, Change and Age of the Moon, the Placer of the 


Sun and Moon in the Ecliptic, and all the Eclipſes of the Son pe Moms 


from A. D. 1752 to A. D. 1800. 8 6d. 

7. A NEW .ASTRONQMICAL INSTRUMENT, fhewing all he. 
above-mentioned Problems of the ROTULA, except the Eclipſes; and, in- 
Read of them, the times of Rising, Southing, and Setting of the Suk, Roms, 
and Stars. Price 5%. 6 0. 

„ No. 1, 2, 3, and 4 (above-mentioned) and alſo the ROTULA and 
INSTRUMENT, are Sold by Mr. Cadell, Bookſeller, in the Strand, London. 
1 and 7,1 ao Sold by the Authot at hs Lace Renn, 


1 


/ 


i ff 


